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ABSTRACT
P h o t o s e n s i t i z a t i o n  o f  Kordeum v u l g a r e  s e e d s  by r o s e  b e n g a l  and 
l i g h t  was d e m o n s t ra te d  as a r e d u c t i o n  o f  r o o t  l e n g t h ,  s h o o t  l e n g t h ,  
number o f  r o o t s  p e r  s e e d l i n g ,  and t h e  i n h i b i t i o n  o f  r o o t  h a i r  p r o d u c t i o n .  
These symptoms w ere  o b s e rv e d  o n ly  when th e  s e e d s  w ere  exposed  to  r o s e  
ben g a l  and l i g h t .  Seeds exposed  t o  r o s e  b e n g a l  in  t h e  d a rk  compared 
c l o s e l y  t o  s e e d s  t r e a t e d  w i t h o u t  r o s e  b e n g a l ,  a l t h o u g h  some o f  t h e  
symptoms w ere  n o te d  t o  a  l e s s e r  d e g r e e .  P a r t i a l  r e c o v e r y  was o b ta in e d  
when t r e a t e d  s e e d l i n g s  w ere  washed and p la c e d  in  t h e  d a r k .
The e f f e c t  o f  r o s e  b e n g a l  and  l i g h t  on 4 8 - h o u r - o ld  r o o t s  o f  
Hordeum v u l g a r e  s e e d l i n g s  c a u se d  c e s s a t i o n  o f  r o o t  e l o n g a t i o n ,  and 
r o o t  h a i r  p r o d u c t i o n  was r e d u c e d .  S h o o t  l e n g t h  d e c re a s e d  o n ly  s l i g h t l y .  
M ic ro s c o p ic  e x a m in a t io n  o f  t h e  r o o t  t i p s  o f  t r e a t e d  s e e d l i n g s  r e v e a l e d  
t h a t  t h e  dye was c o n c e n t r a t e d  in  th e  p ro to d e rm  and  p a r t  o f  t h e  ground 
m e r i s te m  l a y e r s ,  l e a v in g  t h e  procam bium  l a y e r  u n s t a i n e d .  Red s p o ts  
w e re  n o te d  w i t h i n  t h e  em bryonic  c e l l s  o f  t h e  m e r is te m  and w e re  i d e n t i ­
f i e d  as n u c l e i .
E h v i ro n m e n ta l  f a c t o r s  w h ich  a f f e c t e d  th e  d e g re e  o f  e x p r e s s io n  o f
th e  symptoms w ere  s t u d i e d .  R e l a t i o n s h i p s  o f  l i g h t  i n t e n s i t y ,  dye
c o n c e n t r a t i o n ,  t e m p e r a t u r e ,  and pH w ere e s t a b l i s h e d  f o r  t r e a t e d  and 
c o n t r o l  s e e d s .  As th e  l i g h t  i n t e n s i t y  and dye c o n c e n t r a t i o n  i n c r e a s e d ,  
th e  symptoms became more p ro n o u n c e d .  Optimum c o n d i t i o n s  w ere  o b t a in e d  
f o r  b o th  t e m p e r a t u r e  and pH r e l a t i o n s h i p s ,  w i th  minimum d e g re e  o f  
symptom e x p r e s s io n  a t  25 C and pH 7 .
Rose b e n g a l ,  when exposed  t o  400 f o o t  c a n d le s  o f  l i g h t  f o r  43 ho u rs
changed  f ro m  re d  to  p in k  t o  c o l o u r l e s s .  The c o l o u r l e s s  s o l u t i o n  was
i i
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t e s t e d  f o r  a c t i v i t y ,  and found t o  be i n a c t i v e .  T h is  i n d i c a t e s  t h a t  th e  
o r i g i n a l  r o s e  b e n g a l  was d e s t r o y e d .
The growth s u b s ta n c e  i n d o l e a c e t i c  a c id  was i n a c t i v a t e d  i n  v i t r o  
by r o s e  b e n g a l  and  l i g h t .  T is su e  e x t r a c t s  o f  t r e a t e d  and c o n t r o l  
4 8 - h o u r - o ld  r o o t s ,  when a s sa y e d  f o r  g row th  s u b s ta n c e  c o n t e n t ,  i n d i c a t e d  
t h a t  a  g row th  s u b s ta n c e  p r e s e n t  in  t h e  c o n t r o l  t i s s u e  was i n a c t i v a t e d  
in  t h e  t r e a t e d  t i s s u e .  The g row th  s u b s ta n c e  was n o t  i n d o l e a c e t i c  a c i d ,  
and was n o t  i d e n t i f i e d .
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INTRODUCTION AND LITERATURE REVIEW
The e f f e c t  o f  v a r i o u s  f l u o r e s c e n t  dyes  and l i g h t  on b i o l o g i c a l  
sy s tem s  has  been  known f o r  a  long  t i m e ,  and h a s  been  rev ie w e d  by 
Blum (1 9 3 2 ) ,  C la r e  ( 1 9 5 4 ) ,  and S p ik e s  and G h iron  ( 1 9 6 4 ) .  The 
phenomenon was f i r s t  d i s c o v e r e d  by Raab i n  1900 who worked w i t h  a c r i d i n e  
and Param ecium  caudatum , named pho todynam ic  a c t i o n  by T a p p e in e r ,  and 
renam ed p h o t o s e n s i t i z a t i o n  in  1932 (Blum, 1 9 3 2 ) .
Photodynam ic a c t i o n  h as  been  d e m o n s t r a te d  i n  a  v a r i e t y  o f  o r g a n i s m s ,  
i n c l u d i n g  p l a n t s .  M etzner (1923) found t h a t  a  p o s i t i v e  p h o t o t r o p ic  
r e s p o n s e  co u ld  be  in d u ce d  in  t h e  r o o t s  o f  w h e a t  s e e d l i n g s  by grow ing 
them in  a d i l u t e  s o l u t i o n  ( 5 x 10“ ® M ) o f  f l u o r e s c e i n  dyesand  
e x p o s in g  them  to  l i g h t .  The phenomenon d e s c r i b e d  b y  M etzner i s  t r u l y  a 
p h o t o s e n s i t i z a t i o n ,  s i n c e  f l u o r e s c e n t  dye and l i g h t  a c t  on a  b i o l o g i c a l  
s y s te m  t o  in d u c e  an a l t e r a t i o n  o r  change  i n  t h a t  s y s te m .
Blum and  S c o t t  (1933) found  a  l i g h t  r e a c t i o n  s i m i l a r  to  t h a t  
d e s c r i b e d  by M e tz n e r ,  u s in g  w h e a t  s e e d l i n g s  and e r y t h r o s i n .  Boysen -  
J e n se n  (1934) d e m o n s t ra te d  t h a t  a u x in  im b a la n c e  co u ld  be d e t e c t e d  in  
p l a n t s  t r e a t e d  w i t h  e o s in  and  e r y t h r o s i n  and l i g h t .  Skoog (1935) 
e x p l a i n e d  th e  a c t i o n  o f  e o s in  on r o o t s  as  a pho todynam ic  i n a c t i v a t i o n  
o f  i n d o l e - 3 - a c e t i c  a c i d ,  and G a ls tp n  (1949) d e m o n s t ra te d  t h a t  r i b o f l a v i n  
i n a c t i v a t e d  i n d o l e - 3 - a c e t i c  a c id  i n  v i v o .
D 'Amato (1950) d e s c r ib e d  c h l o r o p h y l l  m u ta t io n s  in  b a r l e y  due to  
a c r i d i n e  and l i g h t ,  and u n d e r  m ic r o s c o p ic  e x a m in a t io n ,  found m i t o t i c  
d i s t u r b a n c e s  and " p u l v e r i z e d "  a n a p h a s e s .  Kihlman (1959) d e m o n s t ra te d  
t h a t  a c r i d i n e  and l i g h t  c a u se d  i s o l o c u s  chromosome b r e a k s  in  V i c i a  f a b a
1
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2r o o t s ,  i n d i c a t i n g  t h a t  th e  s i t e  o f  a c t i o n  o f  a c r i d i n e  and l i g h t  was t h e  
chromosome.
M a t e r i a l  p r e s e n t e d  above h a s  b een  c a t e g o r i z e d  as e i t h e r  an i n a c t i ­
v a t i o n  o f  a u x in  o r  chrom osom es, r e a c t i n g  w i t h  a  f l u o r e s c e n t  dye and 
l i g h t .  The dyes m en tioned  w ere e o s i n ,  e r y t h r o s i n ,  and  a c r i d i n e .
S e l i g e r  and McBlroy (1965)  h av e  r e p o r t e d  t h a t  r o s e  b e n g a l  i s  a  h i g h l y  
pho todynam ic  d y e .  No such  w ork  a s  m en t io n e d  above h a s  been  done u s in g  
r o s e  b e n g a l .
Rose b e n g a l  i s  a X anthene  dye ( f l u o r a n  d e r i v a t i v e )  w i t h  a  m o le c u la r  
w e ig h t  o f  1017, and h a s t h e  f o l l o w i n g  fo rm u la ;  (C20H2O5I 4C I4N4 ) ,  i . e .
20 C i t ' s  s o l u b i l i t y  i s  36 p e r c e n t  i n  w a t e r  and 8 p e r c e n t  i n  a l c o h o l .
The e f f e c t  o f  l i g h t  and  r o s e  b e n g a l  h as  been  d e m o n s t ra te d  as 
h e m o ly s is  o f  r e d  b lo o d  c e l l s  ( G i l b e r t  and Blum, 1 9 4 2 ) ,  K i l l i n g  o f  y e a s t  
c e l l s  (Kuehner and M i t r o v ic h ,  1 9 6 6 ) ,  r e s p i r a t o r y  changes  i n  y e a s t  c e l l s  
(Freeman and G ie s e ,  1 9 5 2 ) ,  an i n h i b i t i o n  o f  l i n e a r  g row th  o f  f u n g i  
( M i l l e r  and  Tfebb, 1954; Pady , Kram er, a n d  P a th o k ,  1960; Kramer and P ady , 
1961; D ic k e y ,  1962; and Adams, 1 9 6 4 ) .  An e f f e c t  due t o  r o s e  b e n g a l  and 
l i g h t  on p l a n t s  h a s n o t  been  r e p o r t e d .  T h is  w ork  was u n d e r ta k e n  t o  
d e te r m in e  w h e th e r  o r  n o t  r o s e  b e n g a l  and l i g h t  would  c a u s e  an e f f e c t  on
p l a n t s .
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I t  i s  an a c i d  dye w i th  an  a b s o r p t i o n  maximum betw een 544 -  548 mu. At
U s u a l ly  i t  i s  o b t a i n e d  a s  t h e  sod ium  s a l t  of 4 , 5 , 6 , 7 - t e t r a c h l o r o - 2 l , 4 ^ ,  
5 ^ , 7 ^ - t e t r a i o d o f l u o r e s c e i n  (Conn, 1 9 5 3 )0
EXPERIMENTAL WORK 
S e o t io n  1 
D e s c r i p t i o n  o f  Phenomenon
I n t r o d u c t i o n
S in c e  r o s e  b e n g a l  was l i s t e d  as  a  s t r o n g  pho todynam ic  a g e n t  by 
S e l i g e r  and JfcElroy ( 1 9 6 5 ) ,  an e f f e c t  on p l a n t s  was s t r o n g l y  s u s p e c t e d <,
Blum (1932)  r e p o r t e d  t h a t  maximum photodynam io  r e a c t i o n  w ou ld  t a k e  p l a c e  
o n ly  when d y e ,  b i o l o g i c a l  s y s te m ,  m o le c u la r  oxygen and l i g h t  w ere  
p r e s e n t .  I n i t i a l  s t u d i e s  w e re  u n d e r ta k e n  t o  d e te rm in e  i f  r o s e  b e n g a l  
and l i g h t  cau sed  an  a l t e r a t i o n  in  g e r m in a t io n  and g row th  o f  b a r l e y  
s e e d s .  The e x p e r i m e n t a l  d e s ig n  f o r  t h e s e  i n v e s t i g a t i o n s  was e s t a b l i s h e d  
t o  i n s u r e  t h a t  a l l  r e q u i r e m e n t s  f o r  a  photodynam io  a c t i o n  w e re  s a t i s f i e d .  
M a t e r i a l s  and Ife thods
O rgan ism    B a r le y  (Hordeum v u l g a r e , L . )  OAC No. 2 1 ,  a  s ix - r o w e d ,
ro u g h -a w n e d ,  s p r i n g  b a r l e y ,  was o b t a i n e d  f ro m  Macdonald C o l l e g e ,
M cG ill  U n i v e r s i t y ,  Q uebec , and  used  t h r o u g h o u t  t h i s  w ork .
Dye ----- Rose b e n g a l  f ro m  F i s h e r  S c i e n t i f i c  C o . ,  T o r o n to ,  l o t
N o. ERb-2 was u sed  a t  a  c o n c e n t r a t i o n  o f  0 .0 2  g/lOO ml d i s t i l l e d  w a t e r .
I l l u m i n a t i o n  ----- The l i g h t  s o u rc e  was G e n e ra l  E l e o t r i o  "C ool W hite"
F  40 CW f l u o r e s c e n t  t u b e s  a r r a n g e d  t o  g iv e  an i n t e n s i t y  o f  100 f o o t  
c a n d le s  as  m easured  by a  W eston M aste r  IV e x p o su re  m eter,.
P r e p a r a t i o n  o f  P l a t e s  — -  Seven s e e d s  w ere  p l a c e d  on a  d i s c  o f  
Whatman No. 2 f i l t e r  p a p e r  i n  a  p l a s t i c ,  3 .5  i n  d ia m e te r  p e t r i  d i s h .
E i t h e r  2 . 0  ml d i s t i l l e d  w a t e r  o r  2 .0  ml r o s e  b e n g a l  s o l u t i o n  (0 .0 2  g/lOO m l) 
was added  t o  t h e  p l a t e s  t o  t h o r o u g h l y  m o is te n  t h e  f i l t e r  p a p e r ,  b u t  n o t
3
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cover  t h e  s e e d s .  These p l a t e s  w ere  s u b s e q u e n t ly  e i t h e r  i l l u m in e  t e d , o r  
k e p t  i n  t h e  d a r k .  The s e e d s  w e re  a l lo w e d  t o  g e rm in a te  and grow f o r  
48 h o u rs  a t  25 C, when m easurem ents  w ere  made.
I n  t h e  " r e c o v e r y ” ( re s u m p t io n  o f  no rm al  g row th )  e x p e r im e n ts  seed s  
exnosed  t o  r o s e  b e n g a l  and  l i g h t  f o r  48 h o u rs  w ere  washed 3 t im e s  in  
d i s t i l l e d  w a t e r ,  and p l a c e d  on f r e s h  f i l t e r  p a p e r  i n  new p e t r i  d i s h e s .
To each d i s h  2 .0  ml d i s t i l l e d  w a t e r  was ad d e d ,  an d  a l l  p l a t e s  w ere kep t  
in  t h e  d a rk  f o r  an a d d i t i o n a l  48 h o u rs  t o  d e te rm in e  i f  r e c o v e r y  o f  
s e e d l i n g  c o u ld  be n o t i c e d .
Measurement o f  Growth ----  R oo t  and s h o o t  l e n g t h s  o f  each  s e e d l i n g
was d e te r m in e d .  Each m easurem ent was made w i t h  an a c c u ra c y  o f  "t 0 . 5  mm0 
The number o f  r o o t s  p e r  p l a n t  was c o u n te d ,  and t h e  p r e s e n c e  o f  r o o t  
h a i r s  was e s t i m a t e d  as e i t h e r  none ( - ) ,  m o d era te  ( + ) ,  and p r o f u s e  ( r t ) .
I n  some c a s e s  ( t )  was u sed  t o  i n d i c a t e  t h a t  some r o o t s  had  r o o t  h a i r s  
and o t h e r s  d id  n o t .  P e r c e n ta g e  g e r m in a t io n  was c a l c u l a t e d  p e r  e x o e r im e e to
E x p e r im en t  S iz e  ------ Each e x p e r im e n t  c o n s i s t e d  o f  21 s e e d s  w hich
w ere  d i s t r i b u t e d  in  t h r e e  p e t r i  d i s h e s  o f  seven  s e e d s  e a c h .  Each 
e x p e r im e n t  was r e p e a te d  f o u r  t im e s  and t h e  a v e ra g e  was u se d  f o r  c o m p a r i­
s o n s .
Gross Morphology
The e f f e c t  o f  l i g h t  and r o s e  b e n g a l  on t h e  g e rm in a t io n  and g row th  
o f  young s e e d l i n g s  i s  sum m arized in  T ab le  1 .  The d i f f e r e n c e s  i n  g r o s s  
m orphology i s  i l l u s t r a t e d  by F i g u r e  1 . Seeds  g e rm in a te d  i n  l i g h t  p r o ­
duced , on th e  a v e r a g e ,  a s h o o t  2 0 .7  mm lo n g ,  w h i l e  s e e d s  g e rm in a te d  in  
th e  d a rk  p roduced  s h o r t e r  s h o o ts  1 6 .9  mm l o n g .  When r o s e  b e n g a l  was 
p r e s e n t ,  s h o o t  l e n g t h  d e c re a s e d  t o  1 2 .4  mm in  t h e  d a r k ,  and 2 .2  mm in  
l i  g h t .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5A marked e f f e c t  was p ro d u ced  i n  t o t a l  r o o t  l e n g t h  p e r  s e e d l i n g .  
S e e d l in g s  g e rm in a te d  in  t h e  dRrk w i th o u t  r o s e  b en g a l  p ro d u ced  an a v e ra g e  
t o t a l  l e n g t h  o f  1 8 3 .9  mm o f  r o o t s  p e r  p l a n t ,  b u t  i n  l i g h t ,  i t  was 
r ed u c e d  t o  1 4 1 ,8  mm. W ith t h e  a d d i t i o n  o f  r o s e  b e n g a l5 t h e  t o t a l  r o o t  
l e n g t h  p e r  p l a n t  was 5 1 .7  mm i n  t h e  d a r k ,  and 16 .7  mm i n  l i g h t .  T h is  
c l e a r l y  i n d i c a t e s  t h a t  r o s e  b e n g a l  c o n s i d e r a b l y  re d u c e d  t h e  r o o t  l e n g t h  
in  l i g h t  and  d a r k .
The a v e ra g e  number o f  r o o t s  p roduced  p e r  p l a n t  f o r  s e e d s  g e rm in a te d  
i n  l i ' - h t  and d a rk  was 5 . 5 ,  and  5 . 6  "t.0 .05, r e s p e c t i v e l y .
T r e a tm e n t  w i t h  r o s e  b e n g a l  and g e r m in a t io n  i n  t h e  d a rk  p ro d u ce d  5 .7  
r o o t s  p e r  p l a n t  as  compared t o  5 . 0  r o o t s  p ro d u c e d  by  s e e d l i n g s  exposed  
t o  r o s e  b e n g a l  and l i g h t .
P e r c e n t a g e  g e r m in a t io n  o f  s e e d s  was 8 4 .5  i n  t h e  l i g h t ,  and 9 1 .5  
i n  t h e  d a r k .  When t r e a t e d  w i t h  r o s e  b e n g a l ,  7 3 .8  p e r  c a n t  o f  t h e  s e e d s  
g e rm in a te d  i n  t h e  d a r k ,  w h i l e  8 4 .5  p e r  c e n t  g e rm in a te d  i n  t h e  l i g h t .
As i l l u s t r a t e d  i n  F i g u r e  1 ,  r o o t  h a i r  p r o d u c t io n  was a b u n d a n t  in  b o th  
s e e d s  g e rm in a te d  i n  l i g h t  and d a rk  w i t h o u t  d y e .  W ith t h e  a d d i t i o n  o f  
r o s e  b e n g a l ,  no  r o o t  h a i r s  w ere  p ro d u c e d ,  e x c e p t  f o r  a  m inim al number 
on r o o t s  t h a t  were n o t  i n  d i r e c t  c o n t a c t  w i t h  t h e  dye .
R e c o v e ry
S h o o t  l e n g t h  p roduced  p e r  p l a n t  when se e d s  w ere  t r e a t e d  w i t h  r o s e  
b e n g a l  f o r  96 h o u r s  was 2 8 .9  mm in  d a r k n e s s ,  and 2 9 .1  mm i n  l i g h t ,
(T a b le  2 ) .  When se ed s  w ere  i l l u m i n a t e d  w i t h  r o s e  b e n g a l  f o r  48 h o u r s ,  
w a sh e d ,  and n la c e d  in  t h e  d a r k  i n  d i s t i l l e d  w a te r  f o r  48 h o u r s  m ore , 
t h e  s h o o t  l e n g t h  p roduced  was 3 5 .0  mm, i n d i c a t i n g  some r e c o v e r y .  S i m i l a r ­
l y ,  some r e c o v e r y  was o b t a i n e d  f o r  s h o o t  l e n g t h  o f  s e ed s  k e p t  in  th e  
d a rk  w i t h  r o s e  b e n g a l  f o r  48 h o u rs  w a sh e d ,  and p l a c e d  in  t h e  d a r k  in
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6Table  1 . E f f e c t  o f  l i g h t  and d a rk n e ss  on se e d s  exposed  to  r o s e  b e n g a l ,  
and se ed s  n o t  exposed  to  r o s e  b e n g a l .
Shoot No o f P re s e n c e T o t a l P e r c e n t
T rea tm en t l e n g t h r o o t s / o f  r o o t l e n g t h g e rm in a t io n
mm P l a n t h a i r s mm
Rosa b e n g a l
L ig h t 1 . 8 * 4 .4 - 10 .9 85.7
2 . 0 5 .0 - 12.2 100.0
2 .0 5.7 - 23 .9 7 6 .2
5 .0 - 1 9 .6 7 6 .2
Ave 2 .2 5 .0 — 16 .7 84 .5
Dark 13 .0* 5 .6 - 4 2 .1 85.7
12 .1 5 .6 - 52 .2 7 1 .4
10 .1 5 .9 - 50 .8 7 1 .4
14 .4 5 .9 - 61 .5 66.7
Ave 12 .4 5 .7 5 1 .7 7 3 .3
C o n t r o l* *
L ig h t 5 .1 4 .6 5 7 .3 66 .7
6.0 5 .5 7 4 .3 95.2
1 4 .0 5.1 * + 8 5 .5 100.0
10 .3 4 .S * t 7 1 .1 100 .0
Ave 8*9 5 .0 7 2 .1 9 0 .5
D ark 15 .9 5 .5 + + 193 .2 100.0
17 .3 5 .9 + + 197 .9 90 .5
16 .6 5 .7 +• + 19 8 .5 85.7
Y< . 8 5 .4 **■ 146 .0 90.5
Ave 16 .9 5 .6 *■+ 183 .9 91 .5
* each  f i g u r e  r e p r e s e n t s  t h e  a v e ra g e  o f  21 p l a n t s .
** Seeds n o t  exposed t o  r o s e  b e n g a l .
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7F i g u r e  1 , Com parison o f  s e e d l i n g s  grown i n  A) d a r k n e s s ,  
B) l i g h t ,  C) d a rk n e s s  and r o s e  b e n g a l ,  and 
D) l i g h t  an d  r o s e  b e n g a l .
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8Table  2 .  R ecovery  o f  s e e d l i n g s  t r e a t e d  w i t h  r o s e  b e n g a l .
T rea tm en t
S hoo t
l e n g th
mm
No o f
r o o t ^
p l a n t
P r e s e n c e  
o f  r o o t  
h a i r s
T o ta l
r o o t
l e n g t h
mm
P e r c e n t
G e rm in a t io n
W ith ro s e
b e n g a l  f o r
98 h o u rs
L ig h t 2 9 .9 * 5 .8 3 0 .5 7 6 .2
27 .2 4 .8 - 1 6 .8 85 .7
3 0 .6 5 .1 - 1 9 .6 85 .7
2 8 .8 5 .0 - 2 3 .6 85.7
Ave 29 .1 5 .2 - 2 2 .6 83 .5
Dark 2 9 .6 * 6.1 + 1 3 2 .8 95 .2
2 8 .1 6 .2 + 129.1 85 .7
2 5 .1 5 .6 + 1 2 8 .0 8 0 .9
3 2 .9 5 .9 ± 104 .9 80 .9
Ave 2 8 .9 6 .0 ± 123 .7 85.7
S e e d l in g
(d a r k ) 35 .4 6 .9 + + 107 .9 81 .0
r e c o v e r y * * 38 .2 6 .5 f + l i n . 7 81 .0
4 0 .3 6 .6 + * 111.1 85.7
3 3 .5 6 .7 105.9 90 .5
Ave 3 6 .9 6 .7 108 .9 84 .6
S e e d l in g
( i l l u m i n a t e d )  3 4 .0 6 .2 ± 5 6 .4 7 6 .2
r e c o v e ry * * * 3 4 .8 6 .2 ¥ 5 2 .6 7 6 .2
3 9 .3 6.1 ¥ 5 7 .5 85 .7
32 . C 6 .3 ¥ 5 1 .1 80 .9
Ave 3 5 .0 6.2 ¥ 5 4 .4 7 9 . e
* Each f i g u r e r e p r e s e n  t s t h e  a v e ra g e o f  21 p l a n t s •
** Seeds k e o t in  d a rk  wi th  r o s e  b e n e a l  f o r  48 h o u r s ,  washed , p la c e d  in
th e  d a rk  in d i s  t i l l e d w a te r  f o r  48 h o u r s  more.
*** Seeds i l l u m i n a t e d  w i th  r o s e  b e n g a l f o r  48  hours , w ashed , p la c e d  in
t h e  d a rk  in d i s t i l l e d w a te r  f o r  48 h o u rs  more.
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9d i s t i l l e d  w a t e r  fo r  48 h o u rs  m ore; t h e  f i n a l  s h o o t  l e n g t h  b e in g  3 6 .9  mm.
The number o f  r o o t s  p roduced  p e r  p l a n t  when s e e d s  w ere t r e a t e d  w i th  
r o s e  b e n g a l  f o r  96 h o u rs  in  t h e  d a r k  was 6 . 0 ,  compared t o  5 .2  in  th e  
l i g h t ,  When s e e d s  w ere i l l u m i n a t e d  w i th  r o s e  b e n g a l  p r e s e n t  f o r  48 h o u r s ,  
washed and p la c e d  in  t h e  d a r k  in  d i s t i l l e d  w a te r  f o r  48 h o u rs  m ore ,
6 .2  r o o t s  p e r  p l a n t  w e re  p r o d u c e d ,  i n d i c a t i n g  some d e g re e  o f  r e c o v e ry *  
S i m i l a r l y ,  when s e e d s  w ere  k e p t  i n  t h e  d a r k  w i th  r o s e  b e n g a l  f o r  48 h o u r s , 
w a sh e d ,  and p l a c e d  i n  t h e  d a rk  in  d i s t i l l e d  w a te r  f o r  48  h o u r s ,  6 .7  r o o t s  
w ere p roduced  p e r  p l a n t ,  a l s o  i n d i c a t i n g  r e c o v e r y .
When s e e d s  w ere  exposed  t o  r o s e  b e n g a l  and  l i g h t  f o r  96 ho u rs  no 
r o o t  h a i r s  w ere  p ro d u ce d  and o n ly  some r o o t  h a i r s  w e re  p ro d u ce d  on r o o t s  
k e p t  in  t h e  d a rk  i n  r o s e  b en g a l  f o r  96 h o u r s .  When s i m i l a r i l y  t r e a t e d  
p l a n t s  w ere  w ashed and p la c e d  in  th e  d a rk  i n  d i s t i l l e d  w a t e r ,  b o th  
showed a  s l i g h t  i n c r e a s e  i n  r o o t  h a i r  p r o d u c t i o n .
Seeds  t r e a t e d  w i th  r o s e  b e n g a l  f o r  96 h o u r s  i n  d a rk n e s s  p roduced  
123 .7  mm o f  r o o t s  p e r  p l a n t ,  w h i l e  t h o s e  i n  l i g h t  p ro d u ce d  o n ly  2 2 .6  mm 
o f  r o o t s .  S eeds  k e p t  i n  t h e  d a rk  w i t h  r o s e  b e n g a l  f o r  48 h o u r s ,  w ash ed ,  
and p l a c e d  i n  th e  d a rk  in  d i s t i l l e d  w a t e r  f o r  48 h o u r s  more p roduced  
1 0 8 .9  mm o f  r o o t s ,  i n d i c a t i n g  t h a t  no r e c o v e r y  t o o k  p l a c e .  Seeds 
i l l u m i n a t e d  i n  r o s e  b e n g a l  f o r  48 h o u r s ,  w ash ed ,  and p l a c e d  i n  t h e  d a rk  
in  d i s t i l l e d  w a t e r  f o r  48 h o u rs  more p roduced  5 4 .4  mm o f  r o o t s ,  i n d i c a t i n g  
some r e c o v e r y  h e r e .
T here  was no ' ' s i g n i f i c a n t '  d i f f e r e n c e  p ro d u ce d  in  p e r c e n ta g e  
g e rm in a t io n  f o r  th e  v a r i o u s  t r e a t m e n t s  (T ab le  2 ) .
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S e c t io n  2
E f f e c t  o f  Rose Bengal and  l i g h t  on 48 -H our-O ld  Roots  
I n t r o d u c t i o n
I n  th e  f i r s t  p a r t  o f  t h i s  t h e s i s  i t  was c l e a r l y  d e m o n s t ra te d  t h a t  
r o s e  b e n g a l  and l i g h t  c o u ld  c o n s i d e r a b l y  r e t a r d  r o o t  and  s h o o t  grow th  
i n  g e rm in a t in g  b a r l e y  s e e d s .  I t  was im p o r ta n t  t o  d e te r m in e  w h e th e r  t h e  
g row th  o f  4 8 - h o u r - o ld  r o o t s  c o u ld  be r e t a r d e d  by  t h e  e f f e c t  o f  r o s e  
b e n g a l  and l i g h t .  P r e l i m i n a r y  e x p e r im e n ts  i n d i c a t e d  t h a t  th e  r o o t s  
t u r n e d  r e d  when exposed  t o  d y e .  S t u d ie s  w ere  t h e r e f o r e  u n d e r ta k e n  to  
d e te rm in e  th e  s i t e  o f  dye a c c u m u la t io n .  Freem an and G iese  (1 9 5 2 ) ,  
and A l l i s o n  ( 1 9 6 5 ) ,  s t a t e d  t h e t  r o s e  b e n g a l  d i d  n o t  e n t e r  l i v i n g  c e l l o ,  
b u t  a c c u m u la te d  on t h e  s u r f a c e .  Dye p e n e t r a t i o n  i n t o  c e l l s  was s tu d i e d  
t o  d e te rm in e  i f  r o s e  b e n g a l  e n t e r e d  t h e  c e l l .
M a te r i a l s  a n d  Methods
Seven s e e d s  w ere p l a c e d  on a p i e c e  o f  Whatman Ho. 2 f i l t e r  p a p e r ,  
in  a p e t r i  d i s h ,  and 2 .0  ml o f  d i s t i l l e d  w a t e r  w ere  a d d e d .  The s e e d s  
w e re  a l lo w e d  t o  g e rm in a te  and grow u n d e r  a l i g h t  i n t e n s i t y  o f  100 f o o t  
c a n d le s  f o r  48 h o u r s .  The s e e d l i n g s  w ere  th e n  removed from  t h e  f i l t e r  
p a p e r ,  and t h e  r o o t s  w ere  p l a c e d  i n  2 . 0  ml o f  r o s e  benga l  (0 .0 2  g /lO O m l), 
I l l u m i n a t i o n  o f  t h e s e  s e e d l i n g s  was c o n t in u e d  in  t h e  p e t r i  d i s h e s  f o r  an 
a d d i t i o n a l  4R h ou rs  a t  lOfj f o o t  c a n d l e s .  At t h i s  t im e  m easurem ents were 
made as i n d i c a t e d  in  S e c t io n  1.
Root s e c t i o n s  2 cm from th e  t i p  o f  t h e  r o o t  w ere  removed from 
s e e d l i n g s  t r e a t e d  as above , and p la c e d  i n  f o r m a l i n - a c e t i c  a c i d - a l c r h o l  
( l 7 : l : l )  f o r  t h r e e  h o u r s .  These r o o t  t i p s  w ere  th e n  p la c e d  in 
t e t r a h y d r o f u r a n  f o r  l-g h o u rs  and embedded in  p a r a f f i n .  S e c t io n s  F
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micron-3 t h i c k  were made w i t h  a m icrotom e and exam ined m ic r o s c o p i c a l l y  
b e f o r e  f u r t h e r  t r e a t m e n t ,  s i n c e  th e  dye d i s a n o r a r e d  when t r e a t e d  w i th  
x y l e n e .  L a t e r  t h e y  w ere  s t a i n e d  w i t h  H em atoxy lin  as  d e s c r i b e d  by 
P e a r s e  ( l S 6l )  and a g a in  exam ined  m i c r o s c o p i c a l l y .
G ross  Morphology
Seeds  i l l u m i n a t e d  w i t h o u t  dye f o r  96 h o u rs  r e s u l t e d  i n  a s h o o t  
l e n g th  o f  3 9 .9  mm p e r  p l a n t  in  d a r k n e s s ,  and 4 3 .4  mm i n  l i g h t .  When 
s e e d s  w ere  k e p t  i n  d a rk n e s s  f o r  48 h o u r s ,  w ashed , and p la c e d  in  r o s e  
b e n g a l  in  l i g h t  f o r  48 h o u r s ,  4 5 .5  mm o f  s h o o t  w ere  p ro d u c e d .  When 
se e d s  w ere  i l l u m i n a t e d  f o r  48 h o u r s ,  w ashed , and p la c e d  i n  r o s e  b e n g a l  
in  l i g h t  f o r  48 h o u rs  m ore, 3 4 .7  mm o f  s h o o t  w ere  p ro d u ce d .
The number o f  r o o t s  p roduced  p e r  p l a n t  i n  t r e a t e d  g e rm in a te d  s e e d s  
f o r  96 h o u rs  i n  d a r k n e s s  and l i g h t  was 6 . 2 ,  and 5 . 9 ,  r e s p e c t i v e l y .
When s e e d s  w ere  k e p t  in  t h e  d a r k  f o r  48 h o u r s ,  w a s h e d ,  and p la c e d  in  
r o s e  b e n g a l  i n  l i g h t  f o r  48 h o u r s ,  t h e  number o f  r o o t s  p ro d u ce d  was 
5 . 9 .  When s e e d s  w ere i l l u m i n a t e d  f o r  48  h o u r s ,  w ashed , and p la c e d  in  
r o s e  b e n g a l  and l i g h t  f o r  48 hou rs  more, 5 .9  r o o t s  p e r  p l a n t  w ere 
p ro d u c e d .
Root h a i r  p r o d u c t io n  was a b u n d a n t  on r o o t s  t r e a t e d  f o r  96 h o u rs  in 
e i t h e r  l i g h t  o r  d a rk  w i t h o u t  r o s e  b e n g a l .  A d e c r e a s e  in  r o o t  h a i r s  
o c c u r r e d  when s e e d s  w ere  i l l u m i n a t e d  in  t h e  p r e s e n c e  o f  r o s e  b e n g a l  
(Table  3 ) ,
T r e a te d  se ed s  g e rm in a te d  f o r  96 h o u rs  in  d a r k n e s s  p roduced  a 
c u m u la t iv e  r o o t  l e n g t h  o f  3 2 6 .4  mm p e r  p l a n t ,  w h i le  t h o s e  g e rm in a te d  
in  l i g h t  p roduced  144 .6  mm o f  r o o t ,  i n d i c a t i n g  th e r e b y  t h a t  l i g h t  a lo n e  
c o u ld  cause  a c o n s i d e r a b l e  d e c r e a s e  in  r o o t  g ro w th .  '•Yhen s e e d s  k e p t  in  
t h e  d a rk  f o r  48 h o u rs  w ere  w a sh e d ,  and n la c e d  in  r o s e  b e n g a l  and l i g h t
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Table 3 .  E f f e c t  o f  r o s e  b e n g a la n d  l i g h t  on 4 8 - h o u r - o ld  r o o t s .
T r e a tm e n t
S hoo t
l e n g t h
mm
No o f
r o o t s /
p l a n t
P r e s e n c e  
o f  r o o t  
h a i r s
T o ta l
r o o t
l e n g t h
mm
P e r c e n t
G erm in a tio n
W ith o u t  r o s e  
b e n g a l  f o r  
96 h o u rs
L ig h t 4 1 .4 * 5 .9 + + 1 5 3 .6 80 .9
4 1 .4 5 .9 155 .7 85.7
4 8 .4 5 .8 ++ 1 42 .4 85.7
4 2 .4 5 .9 1 2 6 .8 85.7
Ave 4 3 .4 5 .9 Hr 1 4 4 .6 84.5
D ark 3 8 .4 6 .3 H 3 1 2 .6 80 .9
3 6 .5 6 . 0 2 9 3 .8 80 .9
40 o 6 6 .2 *■+ 3 47 .7 9 0 .5
4 4 .2 6 .2 ++ 3 5 1 .5 90 .5
Ave 3 9 .9 6 .2 3 2 6 .4 85.7
R oot (d a rk )* *
I l l u m i n a t e d 5 3 .6 5 .9 f. 1 9 2 .4 7 6 .2
in rose 4 4 .6 5 .9 + 1 6 7 .4 90 .5
b e n g a l 4 0 .2 6 .0 + 188.7 85.7
4 3 .5 5 .8 1 9 0 .0 95 .5
Ave 4 5 .5 5 .9 + 1 8 4 .6 87 .0
Root
( 1 I g h t ) *** 3 6 .0 5 .8 + 1 00 .3 9 5 .5
i l l u m i n a t e d 3 2 .6 6 .0 i 9 6 .0 95 .5
in  r  os e 3 5 .7 5 .9 t 110 .0 85.7
b e n g a l 3 4 .3 5 .8 r 1 0 3 .3 85 .7
Ave 34 .7 5 .9 +■ 102 .3 90 .6
* Each f i g u r e  r e p r e s e n t s  t h e  a v e ra g e  o f  21 p l a n t s .
*+ Seeds k e p t  in  d a rk  w i t h o u t  r o s e  b e n g a l  f o r  48 h o u r s ,  w ashed , and 
p l a c e d  i n  r o s e  b e n g a l  (0 . 02g / l 00ml) in  l i g h t  Q-OOfc) f o r  48 h r s .
*** Seeds  i l l u m i n a t e d  w i t h o u t  r o s e  b e n g a l  f o r  48 h r s ,  w a sh e d ,  end p la c e d  
in  r o s e  b e n g a l  ( 0 .0 2 g / l0 0 m l )  in  l i g h t  (lOOfc) f o r  48 h o u rs  more.
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f o r  48 h o u r s ,  1 8 4 ,6  mm o f  r o o t  were p ro d u c e d ,  and when s e e d s  w ere  i l l u m i ­
n a t e d  f o r  48 h o u r s ,  w a s h e d ,  and p l a c e d  i n  r o s e  b e n g a l  f o r  48 h o u rs  m ore, 
102 .3  mm o f  r o o t  w e re  p r o d u c e d ,  i n d i c a t i n g  t h a t  r o s e  b e n g a l  and l i g h t  
c a u se d  g r e a t e s t  i n h i b i t i o n  o f  r o o t  l e n g th .
The p e r c e n ta g e  g e r m in a t io n  v a lu e s  f o r  t h e  v a r i o u s  t r e a t m e n t s  d id  
n o t  d e c r e a s e  b e lo w  7 6 .2  p e r c e n t  (T ab le  3 ) .
J i i c ro s c o p ic  E x a m in a tio n s
R o o t  t i p s ,  4 8 - h o u r s - o l d ,  t r e a t e d  w i t h  r o s e  b e n g a l  and l i g h t  w ere  
f i r s t  exam ined i n  l o n g i t u d i n a l  s e c t i o n  i n  p a r a f f i n  (F ig u re s  2 — U ) .  A 
b r i g h t  r e d  band was n o t e d  a ro u n d  t h e  o u t s i d e  o f  t h e  t i p  and a lo n g  t h e
l e n g t h  o f  t h e  r o o t ,  u s u a l l y  two l a y e r s  o f  c e l l s  t h i c k .  These c e l l s  w ere
c o m p le te ly  r e d .  I n  t h e  m e r i s t e m a t i c  r e g i o n ,  t h e  c e l l s  w ere  c o l o u r l e s s ,  
e x c e p t  f o r  a  number o f  r e d  s p o ts  w i t h i n  t h e  c e l l s  a s  i n d i c a t e d  i n
F ig u r e  4„ Ho r o o t  h a i r s  o r  r o o t  h a i r - p r o d u c i n g - c e l l s  w ere  n o t e d .
C o n t r o l  r o o t  t i p s  w ere  o d o u r l e s s  and  no d e t a i l  co u ld  be i d e n t i f i e d  
(F ig u r e  5 ) .
When r o s e  b e n g a l  and l i g h t  t r e a t e d  s e c t i o n s  w ere  s t a i n e d  w i t h  
H e m a to x y l in ,  a n u o l e a r  s t a i n ,  and r e - e x a m in e d  (F ig u r e s  6 - 7 ) ,  t h e  r e d  
m arg in  o f  c e l l s  s t i l l  r e m a in e d ,  b u t  t h e  r e d  s p o t s  w ere  s t a i n e d  p u r p l e .
I n  some c a s e s  b o t h  r e d  and  p u r p l e  c o lo u r  c o u ld  be d e t e c t e d  i n  t h e  same 
s p o t .  These  s p o t s  w ere i d e n t i f i e d  as  n u c l e i c
When c o n t r o l  r o o t  t i p s  w e re  s t a i n e d  w i t h  H em a to x y l in ,  t h e  n u c l e i  
a p p e a re d  as d a r k  p u r p l e  b o d ie s  ( F ig u re  8 ) .  T h e re  was no  a p p a r e n t  
d i f f e r e n c e  be tw een  t h e  n u c l e i  o f  t h e  c o n t r o l  r o o t  t i p s ,  and o f  t h o s e  
t r e a t e d  w i th  r o s e  b e n g a l  and l i g h t ,  e x c e p t  i t  a p p e a re d  as  i f  more n u c l e i  
w ere  p r e s e n t  in  t h e  m e r i s te m  o f  u n t r e a t e d  r o o ts , ,
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In r o s e  b e n g a l  and l i g h t  t r e a t e d  r o o t s ,  i t  was e v id e n t  ( F ig u r e  4) 
t h a t  r o s e  b e n g a l  d id  e n t e r  t h e  c e l l  and was c o n c e n t r a t e d  in  t h e  n u c le u s  
o f  sorrr c e l l s .  In  o t h e r  c e l l s ,  i t  a p p e a re d  t o  s t a i n  th e  c y to p la s m ,  as 
i n  th e  o u t e r  c e l l s  o f  t h e  r o o t ,  w h i le  in  o t h e r  c e l l s ,  i t  c o u ld  be 
l o c a t e d  on t h e  c e l l  w a l l .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
15
F ig u r e  2 .  L o n g i tu d i n a l  s e c t io n ,  o f  r o o t  ro e r is te m  t r e a t e d  wi t h  
r o s e  b e n g a l  and l i g h t  (20  x ) .
F ig u r e  3 .  L o n g i tu d in a l  s e c t i o n  o f  r o o t  m e r i s te m  t r e e a t e d  w i th  
r o s e  b e n g a l  and l i g h t  (130 x ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 4
F i g u r e  5 .
e L o n g i tu d i n a l  s e c t i o n  o f  r o o t  m e r i s t e m  t r e a t e d  w i t h  
r o s e  b e n g a l  and l i g h t  (364 x ) .
L o n g i tu d i n a l  s e c t i o n  o f  r o o t  m e r i s te m  t r e a t e d  w i th  
l i g h t  and w i t h o u t  r o s e  b e n g a l  (130 x ) .
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F i g u r e  6 . L o n g i tu d i n a l  s e c t i o n  o f  r o o t  m er is te m  t r e a t e d  w i t h  
l i g h t  and r o s e  b e n g a l ,  and s t a i n e d  w i th  Hem atoxv]in  
(130 x ) .
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F i g u r e  7 .  L o n g i tu d in a l  s e c t i o n  o f  r o o t  m e r is te m  t r e a t e d  w i t h  
r o s e  b e n g a l  and l i g h t ,  and s t a i n e d  w ith  H em atoxy lin  
(3 6 4 ) .
F ig u r e  8 . L o n g i tu d in a l  s e c t i o n  o f  r o o t  m e r is te m  t r e a t e d  w i th  
l i g h t  and w i t h o u t  r o s e  b e n g a l ,  and s t a i n e d  w i th  
H em atoxy lin  (364)e
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S e o t i  on 3 
E f f e c t  o f  F h y s i c a ]  F a c to r s
I n t r o d u c t i o n
In  t h i s  p a r t  o f  t h e  w o rk ,  t h e  e f f e c t  o f  p h y s i c a l  f a c t o r s  w ere 
s t u d i e d .  F a c to r s  i n v e s t i g a t e d  w ere  l i g h t  i n t e n s i t y ,  c o n c e n t r a t i o n  o f  
r o s e  b e n g a l ,  t e m p e r a t u r e , pH, and t h e  e f f e c t  o f  " i" 'leach ing"  t h e  dye b e f o r e  
u s e .  Optimum c o n d i t i o n s  f o r  t h e  phenomenon w ere  e s t a b l i s h e d ,  so t h a t  i t  
c o u ld  be u se d  as a  b i o a s s a y  o f  th e  p r e s e n c e  o f  r o s e  b e n g a l  and t o  e n a b le  
t h e  d e t e r m i n a t i o n  o f  t h e  c o n c e n t r a t i o n  o f  t h a t  dye i n  a s a m p le .  To t h e  
a u th o r s  k n o w le d g e ,  n o  such  b i o a s s a y  f o r  r o s e  b e n g a l  e x i s t s .
M a t e r i a l s  and Methods
P l a t e s  w ere  p r e p a r e d  e x a c t l y  as  i n d i c a t e d  in  s e c t i o n  1 ,  u n l e s s  
o t h e r w i s e  s p e c i f i e d .
L ig h t  I n t e n s i t y  —  L ig h t  i n t e n s i t i e s  u se d  w ere  0 ,  100 , and 400 f o o t  
c a n d l e s ,  a s  m easu red  by a Weston M a s te r  IV e x p o s u re  m e te r .
C o n c e n t r a t i o n  —  The c o n c e n t r a t i o n s  o f  r o s e  b e n g a l  u sed  w e re  0 ,
0 .0 0 2 ,  0 .0 2 0 ,  and 0 .2 0 0  g/lOO m l. D ilu t io n s  w ere  made w ith  d i s t i l l e d  
w a t e r .
T e m p era tu re  ----- The t e m p e r a t u r e s  u sed  w ere  4 ,  1 5 ,  25 ,  3 0 ,  and 37 C,
12 C. Room t e m p e r a tu r e  was 25 C ±2 C. The r e m a in in g  t e m p e r a t u r e s  were 
a c h ie v e d  by  th e  u se  o f  a  c o ld  room o r  i n c u b a t o r s  w i th  t h e r m o s t a t i c  c o n t r o l s .
pH — -  The pH was v a r i e d  by th e  a d d i t i o n  o f  e i t h e r  1 H HC1, or 
1 N NaOK. The f o l l o w i n g  pH v a lu e s  wore u s e d ;  l . S ,  3 . 1 ,  7 .0  and 1 0 .5 ,  as 
m easu red  by  a  Beckman Z e ro m a tic  pH m e t e r .  No b u f f e r  was u s e d .
19
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
20
"Bleached** D y e  The " b le a c h e d "  dye was p r e p a r e d  as f o l l o w s :
2 .0  ml o f  a 0 .0 2  g /1 0 0  ml s o l u t i o n  o f  r o s e  b e n g a l  was added t o  f i l t e r  
p a p e r  a s  i n  s e c t i o n  1 ,  and t h e  p l a t e s ,  w i t h o u t  s e e d s ,  w ere  exposed  to  
l i g h t  (400 f o o t  c a n d le s )  f o r  48 h o u r s .  By t h i 3  t im e  th e  r e d  c o lo r  o f  
t h e  dye had d i s a p p e a r e d .  Seeds w ere th e n  p l a c e d  on t h i s  p a p e r  and
2 .0  ml d i s t i l l e d  w a te r  added , and t r e a t e d  as  u s u a l .
L ig h t  I n t e n s i t y
S h o o t  l e n g t h  v a r i e d  d i r e c t l y  w i th  l i g h t  i n t e n s i t y  i n  th e  T ' f s e n c e  
o f  r o s e  b e n g a l  from  1 2 .4 ,  2 . 2 ,  and 0 .2  mm a t  i n t e n s i t i e s  o f  0 ,  100, 
and 400 f o o t  c a n d l e s ,  r e s p e c t i v e l y .  When r o s e  b e n g a l  was n o t  p r e s e n t ,  
s h o o t  l e n g t h s  f o r  t h e  same l i g h t  i n t e n s i t i e s  w ere  1 6 .9 ,  2 0 .7 ,  and 8 .9  
mm. In  a l l  c a s e s ,  when r o s e  b e n g a l  was a d d e d ,  t h e  s h o o t  l e n g t h  d e c r e a s e d .
W ith o u t  r o s e  b e n g a l ,  t h e  number o f  r o o t s  p roduced  was 5 . 6 ,  5 . 5 ,  and 
5 . 0 ,  w h i l e  i n  t h e  p r e s e n c e  o f  r o s e  b e n g a l  t h e  number o f  r o o t s  produced  
was 5 . 7 ,  5 . 0 ,  and 4 .6  f o r  l i g h t  i n t e n s i t i e s  o f  0 ,  100 , and 400 f o o t  
c a n d l e s ,  r e s p e c t i v e l y .  E x c e p t  a t  0 f o o t  c a n d l e s ,  t h e  p re s e n c e  o f  r o s e  
b e n g a l  c a u se d  few er  r o o t s  to  be p ro d u ce d .
R o o t  h a i r  p r o d u c t io n  was c o m p le te ly  i n h i b i t e d  by  th e  p r e s e n c e  o f  
r o s e  b e n g a l  a t  a l l  l i g h t  i n t e n s i t i e s ,  w h i l e  i t  was ab u n d a n t  in  t h e
a b s e n c e  o f  r o s e  b e n g a l  (T a b le s ^  and 5 ) .
The t o t a l  l e n g t h  o f  r o o t  p roduced  p e r  p l a n t  v a r i e d  i n v e r s e l y  w i th  
l i g h t  i n t e n s i t y  i n  t h e  p re s e n c e  and a b se n c e  o f  r o s e  b e n g a l .  In t h e  
p r e s e n c e  o f  r o s e  b e n g a l ,  t h e  l e n g t h  was r e d u c e d .  Seeds exposed  to  r o s e  
b e n g a l  p roduced  5 1 .7 ,  1 6 .7 ,  and 15 .7  mm o f  r o o t ,  w h i l e  w i t h o u t  r o s e  
b e n g a l ,  1 8 3 .9 ,  1 4 1 .8 ,  and 7 2 .1  mm o f  r o o t s  w ere  p roduced  a t  0 , 1 0 0 ,  and 
400 f o o t  c a n d l e s ,  r e s p e c t i v e l y .
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Table 4 .  The e f f e c t  o f  l i g h t  in te n s i ty  on seeds exposed to rose bengalo
T reatm en t
Shoot
l e n g th
mm
No o f
r o o t s /
p l a n t
P r e s e n c e
o f  r o o t  
h a i r s
T o ta l
ro o t
l e n g t h
mm
P e r c e n t
G erm inatic
L ig h t
i n t e n s i t y  ( f c )
0 13 .0* 5 .6 4 2 .1 85.7
12.1 5 .6 - 52 .2 7 1 .4
10 .1 5 .9 - 5 0 .8 7 1 .4
14 .4 5 .9 - 61 .5 66.7
Ave 12 .4 5 .7 51.7 7 3 .8
100 1 .8 4 .4 - 1 0 .9 85.7
2 .0 5 .0 - 12 .2 100.0
2 .8 5.7 - 2 3 .9 76 .2
2 .2 5 .0 - 19 .6 7 6 .2
Ave 2 .2 5 .0 16.7 84 .5
400 0 .6 4 .3 - 16 .3 7 1 .4
0 .0 4 .8 - 12.7 9 0 .5
0 .1 4 .4 - 14 .4 76 .2
0 .0 4 .8 - 19 .2 90 .5
Ave 0 .2 4 .6 - 15 .7 82 .2
* Each f i g u r e  r e p r e s e n t s  th e  a v e ra g e  o f  21 n l a n t s .
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Table 5 .  The e f f e c t  o f  l i g h t  in t e n s i t y  on seeds n ot exposed to  rose
ben gal.
T re a tm e n t
Shoot
l e n g t h
mm
Mo o f  
r o o t  8 /  
p l a n t
P r e s e n c e  
o f  r o o t  
ha i r s
T o t a l
r o o t
l e n g t h
mm
P e r c e n t
G e rm in a t io
L ig h t
i n t e n s i t y  ( f c )  
0 1 5 .9 * 5 .5 ++ 19 3 .2 1 0 0 .0
17 .3 5 .9 FF 197 .9 90 .5
1 6 .6 5 .7 FF 1 9 8 .5 85.7
1 7 .8 5 .4 F+ 1 4 6 .0 90 .5
Ave 1 6 .9 5 .6 F+ 183 .9 91 .5
o o 2 4 .1 5 .1 + F 142 .9 76 .2
1 9 ,0 5 .6 F-F 1 3 8 .8 81 .0
2 2 .3 5 .9 f t 1 4 2 .5 85.7
17 .2 5 .5 + *■ 1 4 3 .0 9 5 .2
Ave 2 0 .7 5 .5 + t 141 .8 84 .5
400 5 .1 4 .6 + + 57 .3 66 .7
6 .0 5 .5 FF 7 4 .3 9 5 .2
14 .0 5 .1 + F 8 5 .5 1 0 0 .0
10 .3 4 .9 + + 7 1 .1 100 .0
AV9 8 .9 5 .0 -FF 7 2 .1 90 .5
* Each f i g u r e  r e p r e s e n t s  t h e  a v e ra g e  o f  21 p l a n t s .
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T ab le  6 . The e f f e c t  o f  c o n c e n t r a t i o n  o f  r o s e  b e n g a l  on s e e d s  
i l l u m i n a t e d  a t  100 f c .
T re a tm e n t
S hoo t
l e n g t h
mm
No o f
r o o t s /
p l a n t
P r e s e n c e  
o f  r o o t  
h a i r s
T o ta l
r o o t
l e n g t h
nun
P e r c e n t
G e rm in a t io n
Dye
c o n c e n t r a t i o n
(g/lOO m l)
0 .0 0 0 0 2 4 .1* 5 .1 4-+ 1 42 .9 7 6 .2
1 9 .0 5 .6 4-+ 138 .8 8 1 .0
2 2 .3 5 .9 +-+ 1 4 2 .5 85 .7
17 .2 5 .5 + 4r 14 3 .0 9 5 .2
Ave 20 .7 5 .5 141.8 8 4 .5
0 .0 0 2 11 .7 5 .2 4 3 .3 9 0 .5
5 .5 5 .1 4 4 2 .5 85 .7
6 .7 5 .3 + 4 0 .3 85 .7
9 .5 5 .2 £ 4 5 .5 9 0 .5
Ave 8 .3 5 .2 ± 4 2 .9 88 .1
0 .0 2 0 1 .8 4 .4 10 .9 85 .7
2 .0 5 .0 - 12 .2 1 0 0 .0
2 .8 5 .7 - 2 3 .9 7 6 .2
2 .2 5 .0 - 1 9 .6 7 6 .2
Ave 2 .2 5 .0 _ 16 .7 84 .5
0 .2 0 0 0 .0 3 .3 - 4 .2 2 8 .6
0 .0 3 .3 — 4 .6 1 4 .3
0 .7 3 .7 - 7 .7 7 1 .4
0 .9 3 .6 - 9 .5 6 1 .9
Ave 0 .4 3 .5 - 6 .5 4 4 .1
♦ Each f i g u r e  r e p r e s e n t s  th e  a v e ra g e  o f  21 p l a n t s .
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T ab le  7 .  The e f f e c t  o f  c o n c e n t r a t i o n  o f  r o s e  b e n g a l  on seeds  k e p t  in  
th e  d a r k .
T re a tm e n t
Shoot
l e n g t h
mm
No o f
r o o t § /
p l a n t
P re se n c e  
o f  r o o t  
h a i r s
T o ta l
r o o t
l e n g t h
mm
P e r c e n t
G erm inat:
Dye
c o n c e n t r a t i o n
(g/lOOml)
0 .0 0 0 0 1 5 .9 * 5 .5 44 1 9 3 .2 100 .0
17 .3 5 .9 4  4 1 9 7 .9 9 0 .5
16 .6 5 .7 tv- 1 9 8 .5 85.7
1 7 .8 5 .4 44 1 4 6 .0 90 .5
Ave 16 .9 5 .6 44 1 8 3 .9 91.7
0 .0 0 2 2 2 .3 5 .3 + 1 31 .8 90 .5
1 1 .8 5 .2 4 80 .7 90 .5
13 .3 5 .2 + 8 1 .4 100 .0
1 1 .8 4 .9 4 60 .2 95 .2
Ave 1 4 .8 5 .2 + 88 .5 94 .1
0 .0 2 0 0 1 3 .0 5 .6 4 2 .1 85.7
12.1 5 .6 - 52 .2 7 1 .4
10 .1 5 .9 - 5 0 .8 7 1 .4
1 4 .4 5 .9 - 6 1 .5 66 .7
Ave 1 2 .4 5 .7 51 .7 7 3 .8
0 .2 0 0 7 .5 4 .3 4 3 2 .8 7 1 .4
9 .5 4 . 5 4 3 0 .4 95.2
3 .1 3 .9 4 2 0 .8 81 .0
9 .6 4 .5 + 4 3 .2 9 0 .5
Ave 8.7 4 .3 4 3 1 .8 84 .5
* Each f i g u r e  r e p r e s e n t s  t h e  a v e ra g e  of 21 p l a n t s .
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As i n d i c a t e d  i n  t h e  d a t a  i n  T ables  4  and 5 ,  t h e r e  was no " s ig n i f i c a n t ' ' '  
d i f f e r e n c e  in  p e rc e n ta g e  g e rm in a t io n  w i t h  th e  d i f f e r e n t  t r e a t m e n t s .  
C o n c e n t r a t i o n  o f  Rose Bengal
S hoo t  l e n g t h  v a r i e d  i n v e r s e l y  as  dye c o n c e n t r a t i o n  i n  e i t h e r  l i g h t  
o r  d a r k ,  w i t h  l e s s  s h o o t  l e n g t h  b e in g  p ro d u ce d  i n  th e  p re s e n c e  o f  l i g h t .
I n  l i g h t ,  2 0 .7 ,  8 . 3 ,  2 . 2 ,  and 0 .4  mm o f  s h o o t  w ere  p ro d u c e d ,  w h i l e  i n  
d a r k n e s s ,  1 6 ,9 ,  1 4 ,8 ,  1 2 .4 ,  and 8 .7  mm o f  s h o o t  w ere  p roduced  a t  
c o n c e n t r a t i o n s  o f  0 .0 0 0 ,  0 .0 0 2 ,  0 .0 2 0 ,  and 0 .2 0 0  g /1 0 0  m l ,  r e s p e c t i v e l y .  
The number o f  r o o t s  p roduced  p e r  p l a n t  in  l i g h t  was 5 . 5 ,  5 .2 ,  5 .0 ,  
and 3 . 5 ,  a s  opposed to  5 . 5 ,  5 . 2 ,  5 . 7 ,  and 4 . 3  p ro d u ced  in  t h e  d a r k ,  a t  
c o n c e n t r a t i o n s  of 0 .0 0 0 ,  0 .0 0 2 ,  0 . 0 2 ,  0 .2 0 0  g / l 0 0  m l,  r e s p e c t i v e l y .  At 
a c o n c e n t r a t i o n  o f  0 .2 0 0  g /1 0 0  m l, r o o t  p r o d u c t io n  was i n h i b i t e d  more in  
l i g h t  th a n  i n  t h e  d a r k .
W ith o u t  r o s e  b e n g a l ,  an abundance  o f  r o o t  h a i r s  was p ro d u c e d ,  b o th  
i n  l i g h t  a n d  in  d a r k .  In  l i g h t ,  o n ly  a m in im al amount o f  r o o t  h a i r s  
was p ro d u c e d  a t  a c o n c e n t r a t i o n  o f  0 .0 0 2  g /1 0 0  m l,  w h i le  no  r o o t  h a i r s  
w ere  p ro d u ced  a t  th e  rem a in in g  c o n c e n t r a t i o n s .  In  d a rk n e s s  some r o o t  
h a i r s  w ere  p roduced  a t  a c o n c e n t r a t i o n  o f  0 .0 0 2  g /1 0 0  m l,  l e s s  a t
0 .2 0 0  g /1 0 0  m l,  and none a t  0 .0 2  g /1 0 0  m l.  The p re s e n c e  o f  ro s e  b e n g a l  
i n h i b i t e d  r o o t  h a i r  p r o d u c t i o n .
The t o t a l  l e n g th  o f  r o o t  pe r  p l a n t  in  l i g h t  was 1 4 1 .8 ,  4 2 .9 ,  1 6 . 7 ,  
and 6 .5 ,  w h i l e  in  t h e  d a rk  i t  was 1 8 3 .9 ,  8 8 ,5 ,  5 1 .7 ,  and 3 1 .8  a t  t h e  
f o l l o w in g  c o n c e n t r a t i o n s ;  0 .0 0 0 ,  0 . 0 0 2 ,  0 .0 2 0 ,  and 0 .2 0 0 ,  r e s p e c t i v e l y .
In a l l  c a se s  t h e  t o t a l  l e n g t h  of r o o t  d e c re a s e d  w i t h  i n c r e a s e s i n  dye 
c o n c e n t r a t i o n ,  and t h i s  d e c re a s e  was more p ronounced  in  t h e  l i g h t .
P e r c e n ta g e  g e rm in a t io n  d id  n o t  v a r y ‘‘s i g n i f i c a n t l y "  e x c e p t  when se ed s
were  exposed to 0 .2 0 0  g/100 ml r o s e  bengal and l i g h t ,  (Tables 8 and 7 ) 0
: acr
« J-h u 4 o
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Table 8 . The e f f e c t  o f  temperature on seeds i l lu m in ated  in rose  bengal.
T re a tm e n t
S hoo t
l e n g t h
mm
No o f
r o o t s /
p l a n t
P r e s e n c e  
o f  r o o t  
h a i r s
T o ta l
r o o t
l e n g t h
mm
P e r c e n t
G e rm in a t io n
T em pera tu re
(■c)
4 . 0 0 . 0 * 0 . 0 0 . 0 0 . 0
0 . 0 0„0 - 0 . 0 0 . 0
0 . 0 0 . 0 - 0 . 0 0 . 0
0 . 0 0 . 0 - 0 . 0 0 . 0
Ave 0 . 0 0 . 0 0 . 0 0 . 0
1 5 .0 0 .2 4 .5 — 7 .7 90 .5
0 .0 4 .2 - 14 .9 85.7
0 .2 4 .1 - 6 .0 95 .2
0 .6 4 . 3 - 6 .7 85.7
Ave 0 .3 4 .3 8 .8 89 .3
2 5 .0 1 .8 4 .4 - 1 0 .9 85.7
2 .0 5 .0 - 1 2 .2 m o . n
2 .8 5 .7 - 2 3 .9 76 .2
2 .2 5 .0 - 1 9 .6 7 6 .2
Ave 2 .2 5 .0 16 .7 84 .5
3 0 .0 9 .1 4 .7 - 17 .4 7 6 .2
1 2 .5 4 .7 - 13 .7 7 1 .4
12 .6 4 . 5 - 8 .9 36.7
13 .1 4 .3 - 10 .8 66 .7
Ave 11 .8 4 .7 - 12 .7 7 0 .3
3 7 .0 0 .0 0 .0 0 .0 0 .0
0 .0 0 .0 - 0 .0 0 .0
C.O 0 .0 - 0 .0 0 .0
0 .0 0 .0 - 0.0 0 .0
Ave 0 .0 0 .0 - 0 .0 0 .0
* Each f i g u r e r e p r e s e n t s th e  a v e ra g e o f  21 p l a n t s .
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Table 9 .  The e f f e c t  o f  temperature on seeds i l lum inated  w ithout the
presence o f  rose b en g a l.
T re a tm e n t
Shoot
l e n g t h
mm
No o f
r o o t s /
p l a n t
P r e s e n c e  
o f  r o o t  
h a i r s
T o ta l
r o o t
l e n g t h
mm
P e r c e n t
G e rm in a t io n
T em p era tu re
(•C)
4 0 .0 *
t
0 .0 0 .0 0 .0
0 .0 0 .0 - 0 .0 0 .0
0 .0 0 .0 - 0 .0 0 .0
0 .0 0 .0 - 0 .0 0 .0
Ave 0 .0 0 .0 * 0 .0 0 .0
15 0 .7 4 .4 +-b 4 1 .0 95 .2
0 .6 4 .0 + + 57.7 100 .0
0 .6 4 .5 27 .6 100.0
1 .1 4 .7 3 6 .1 9 5 .2
Ave 0 .8 4 .4 3 5 .6 9 7 .6
25 24 .1 5 .1 •Ft 1 42 .9 7 6 .2
1 9 .0 5 .6 * + 1 38 .8 8 1 .0
22 .3 5 .9 1 42 .5 85 .7
17 .2 5 .5 + + 1 43 .0 95 .2
Ave 20 .7 5 .5 + F 1 4 1 .8 84 .5
30 2 4 .1 6 .0 ++ 119 .2 7 6 .2
2 2 .6 6 .0 117.7 5 2 .4
2 3 .7 5 .8 ++ 127 .5 8 0 .9
2 3 .3 6 .0 + F 133.9 61 .9
Ave 2 5 .4 5 .9 H 124.5 6 7 .9
37 0 .0 0 .0 - 0 .0 0 .0
0 .0 0 .0 - 0 .0 0 .0
0 .0 0 .0 - 0 .0 0 .0
0 .0 0 .0 - 0 .0 0 .0
Ave 0 .0 0 .0 - 0 .0 0 .0
* Bach f i g u r e  r e p r e s e n t s  t h e  a v e ra g e  o f  21 p l a n t s .
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T em pera tu re
Optim al g row th  o f  s h o o t  f o r  s e e d s  t r e a t e d  w i th  o r  w i t h o u t  r o s e  
b e n g a l  was a t  30 C, p ro d u c in g  1 1 .8  and 2 3 .4  mm o f  s h o o t ,  r e s p e c t i v e l y .  
In  a l l  c a s e s ,  in  th e  p re s e n c e  o f  r o s e  b e n g a l ,  t h e  s h o o t  l e n g t h  was r e ­
duced  o v e r  t h e  c o n t r o l s .  (Tables 8 and 9 ) .
The number o f  r o o t s  p roduced  p e r  p l a n t  was g r e a t e s t  a t  a  t e m p e r a ­
t u r e  o f  25 C in  r o s e  b e n g a l ,  and 30 C in  i t s  a b s e n c e ,  p ro d u c in g  5 .0  and 
5 .9  r o o t s  p e r  p l a n t ,  r e s p e c t i v e l y .  I n  t h e  p re s e n c e  o f  r o s e  b e n g a l ,  
few er r o o t s  w ere  p ro d u ce d .
I n  th e  p r e s e n c e  o f  r o s e  b e n g a l ,  no  r o o t  h a i r s  w ere  p roduced  a t  
any  t e m p e r a t u r e ,  w h i l e  an abundance o f  r o o t  h a i r s  was produced  a l l  
t e m p e r a tu r e s  e x c e p t  4 and 37 C in  t h e  absence  o f  r o s e  b e n g a l .
T o ta l  l e n g t h  of r o o t  p e r  p l a n t  was g r e a t e s t  i n  t h e  a b sen c e  o f  
r o s e  b e n g a l ,  0 . 0 ,  3 5 .6 ,  1 4 1 .8 ,  1 2 4 .5 ,  and OjD,and lower in  t h e  p r e s e n c e  
o f  r o s e  b e n g a l ,  0 . 0 ,  8 . 8 ,  1 6 .7 ,  1 2 .7 ,  and 0 .0  a t  t h e  f o l l o w in g  te m p e ra ­
t u r e s ;  4 ,  15 ,  2 5 ,  30, and 37 C, r e s p e c t i v e l y .  The optimum te m p e r a tu r e  
f o r  r o o t  p r o d u c t io n  i n  b o th  c a se s  was 25 C.
P e r c e n ta g e  g e rm in a t io n  was 0 .0  p e r c e n t  a t  4 and 37 C, b u t  no 
" s i g n i f i c a n t * d i f f e r e n c e  was n o te d  a t  o t h e r  t e m p e r a t u r e s .
V i r t u a l l y  no  g row th  occu red  a t  a  pH o f  1 . 8 .  Seeds exposed  t o  r o s e  
b e n g a l  p roduced  s h o o ts  3 . 7 ,  2 . 2 ,  and 5 .3  mm lo n g ,  w h i le  s e e d s  w i t h o u t  
r o s e  b e n g a l  p roduced  s h o o ts  o f  9 . 5 ,  2 0 .7 ,  and 1 1 .3  mm long a t  pH v a lu e s  
o f  3 . 1 ,  7 . 0 ,  and 1 0 .5 ,  r e s p e c t i v e l y .  In  a l l  c a s e s ,  se e d s  exposed  t o  
r o s e  b e n g a l  p roduced  a  s h o r t e r  s h o o t  t h a n  c o n t r o l s .
I n  th e  p r e s e n c e  o f  r o s e  b e n g a l ,  t h e  number o f  r o o t s  p e r  p l a n t  was 
s m a l l e r  th a n  c o n t r o l s .  The nuntoer o f  r o o t s  p roduced  p e r  p l a n t  i n  r o s e
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Table 10. The e f f e c t  of pH on seeds il lu m inated  in ro se  bengal.
T re a tm e n t
Shoot
l e n g t h
mm
No o f  
r o o t  s /  
p l a n t
P re se n c e  
o f  r o o t  
h a i r s
T o t a l
r o o t
l e n g t h
mm
P e r c e n t
G e rm in a t io n
pH
1 .8 0 .0 * 0 .0 0 .0 0 .0
0 .0 0 .0 - 0 .0 0 .0
0 .0 0 .0 - 0 .0 0 .0
0 .0 0 .0 - 0 .0 0 .0
Ave 0 .0 0 .0 0 .0 0 .0
3 .1 3 .1 4 .9 - 23 .2 9 0 .5
3 .4 5 .2 - 1 0 .0 85 .7
2 .5 4 .1 - 9 .4 9 0 .5
5 .9 4 .6 - 9 .7 8 0 .9
Ave 3 .7 4 .7 _ 13 .1 86 .9
7 .0 1 .8 4 .4 - 1 0 .9 8 5 .7
2 .0 5 .0 - 12 .7 100 .0
2 .8 5 .7 - 2 3 .9 7 6 .2
2 .2 5 .0 - 1 9 .6 7 6 .2
Ave 2 .2 5 .0 16.7 8 4 .5
10 .5 5 .5 3 .4 - 5 .7 80 .9
5 .5 4 .8 - 1 0 .3 8 5 .7
5 .4 4 . 6 - 10 .2 66 .7
4 .9 4 .3 - 13 .2 85 .7
Ave 5 .3 4 .3 - 9 .9 7 9 .8
* Each f i g u r e  r e p r e s e n t s  t h e  a v e ra g e  o f  21 p l a n t s .
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Teble 11. The e f f e c t  o f  pH on seeds il lu m in ated  w ithout rose bengal.
T re a tm e n t
Shoo t
l e n g t h
mm
No o f
r o o t s /
p l a n t
P r e s e n c e  
o f  r o o t  
h a i r s
T o t a l
r o o t
l e n g t h
mm
P e r c e n t
G erm in a ti
pH
1 .8 0 .0 * 4 . 0 6 .0 4 .8
0 .0 0 .0 - 0 .0 0 .0
0 .0 3 .0 - 6 .0 4 . 8
0 .0 0 .0 - 0 .0 0 .0
Ave 0 .0 1 .8 - 3 .0 2 .4
3 .1 1 2 .6 5 .7 + + 9 5 .9 7 1 .4
1 0 .3 5 .3 7 6 .8 9 5 .2
8 .3 3 .8 ■H 63 .7 85.7
6 .8 4 .7 •++ 63 .9 90 .5
Ave 9 .5 4 .9 + + 7 5 .1 85.7
7 . 0 2 4 .1 5 .1 ++ 1 4 2 .9 7 6 .2
1 9 .0 5 .6 ++• 1 38 .8 8 1 .0
2 2 .3 5 .9 ++ 1 4 2 .5 85.7
1 7 .2 5 .5 1 4 3 .0 9 5 .2
Ave 20 .7 5 .5 1 41 .8 8 4 .5
1 0 .5 8 .9 5 .6 ++ 7 0 .6 9 5 .2
1 3 .9 5 .5 f-t 8 1 .7 9 0 .5
IP. 7 5 .6 + +- 87 .7 85 .7
9 .6 5 .5 + +- 7 6 .9 95 .2
Ave 11 .3 5 .6 7 9 .2 91 .7
* Bach f i g u r e  r e p r e s e n t s  t h e  a v e ra g e  o f  21 p l a n t s .
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b e n g a l  was 4 . 7 ,  5 . 0 ,  and 4 . 3 ,  w h i le  w i t h o u t  r o s e  b e n g a l ,  4 . 9 ,  5 .5 ,  and
5 .6  r o o t s  p e r  p l a n t  w ere p roduced  a t  pH v a lu e s  o f  3 . 1 ,  7 . 0 ,  and 10 .5  
r e s p e c t i v e l y .
R oo t  h a i r s  w ere  n o t  p roduced  i n  t h e  p r e s e n c e  o f  r o s e  b e n g a l  a t  any 
pH v a l u e ,  b u t  w ere  p roduced  i n  t h e  a b se n c e  o f  r o s e  b e n g a l  in  abundance  
a t  a l l  pH v a lu e s  e x c e p t  pH o f  1 .8  ( f a b l e  10 and l l ) .
The optimum pH f o r  t o t a l  r o o t  p r o d u c t io n  p e r  p l a n t  was 7 .0  in  r o s e  
b e n g a l ,  p ro d u c in g  1 6 . 7 , and w i t h o u t  r o s e  b e n g a l ,  1 4 1 .8  mm. The t o t a l  
l e n g t h  o f  r o o t  p roduced  w i t h  r o s e  b e n g a l  was 1 3 .1  and 9 .9  mm, w h i le  
w i t h o u t  r o s e  b e n g a l  was 7 5 .1  and 7 9 .2  mm a t  pH v a lu e s  o f  3 .1  and 1 0 .5 ,  
r e s p e c t i v e l y .
E x c e p t  f o r  t h e  pH v a lu e  o f  1 . 8 ,  where t h e  p e r c e n ta g e  g e rm in a t io n  
was l e s s  t h a n  2 .4  f o r  b o t h  r o s e  b e n g a l  t r e a t e d  and  u n t r e a t e d  s e e d s ,  t h e  
p e r c e n ta g e  g e rm in a t io n  d id  n o t  d i f f e r  “s i g n i f i c a n t l y " .
"B lea c h e d "  Dye
The a c t i v i t y  o f  t h e  o r i g i n a l  dye was rem oved when i t  became 
c o l o r l e s s .  As i n d i c a t e d  in  T a b le  1 2 ,  s h o o t  l e n g t h s  o f  1 4 .9  and 10 .0  
a r e  compared to  t h o s e  o f  c o n t r o l  s e e d s  a t  100 and 400 f o o t  c a n d l e s ,
i . e . , 2 0 . 7 ,  and 8 .9  mm. The number o f  r o o t s  p roduced  p e r  p l a n t  a l s o  
i s  com parab le  t o  c o n t r o l s .  Abundant r o o t  h a i r  p r o d u c t io n  i s  an e x c e l ­
l e n t  i n d i c a t i o n  o f  dye i n a c t i v a t i o n ,  s i n c e  an abundance  o f  r o o t  h a i r s  
was n e v e r  o b s e rv e d  i n  t h e  p r e s e n c e  o f  r o s e  b e n g a l .  The t o t a l  l e n g t h  o f  
r o o t  pe r  p l a n t  o f  1 11 .5  and 8 1 .0  mm on t h e  " b le a c h e d "  dye com pares w e l l  
w i t h  141 c8 p.nd 7 2 .1  mm in  c o n t r o l s  l i s t e d  in  Table  5 .  There  was no 
" s i g n i f i c a n t "  d i f f e r e n c e  in  t h e  p e r c e n ta g e  g e rm in a t io n  from  t h e  c o n t r o l s .
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Table II?. E f fe c t  o f  b leach ing  the rose bengal.
T rea tm en t
Shoo t
l e n g t h
mm
No o f  
r o o t  s /  
p l a n t
P re se n c e  
o f  r o o t  
h a i r s
T o ta l
r o o t
l e n g th
mm
P e r c e n t
G e rm in a t i
L ig h t
I n t e n s i t y
( f c )
100 1 3 .3 * 5 .6 ♦ t 96 .9 80 .9
16 .2 5 .3 4-4 118 .0 80 .9
14 .5 5 .7 + f 111.0 80 .9
15 .6 5.7 f t 1 2 0 .0 85.7
Ave 14 .9 5 .7 t + 111 .5 83 .3
400 13.2 5 .6 t+ 101.3 9 0 .5
5 .4 4 .9 ■t-4- 65 .8 90 .5
10 .2 4 .9 1 4- 7 0 .5 8 0 .9
11 .3 5 .3 ■Ft 85 .3 85 .7
Ave 10 .0 5 .2 t-t- 81 .0 86 .9
* Each f i g u r e  r e p r e s e n t s  th e  a v e ra g e  of 21 p l a n t s .
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S e c t i o n  I).
E f f e c t  o f  Ross B enga l  and  L i g h t  on Growth S u b s t a n c e s .
I n t r o d u c t i o n
I t  has been reported by sev era l workers (Boas, 1927, 1933; Galston  
and Hand, 19U9; G alston, 19ll9, and 1950) th a t pigment systems in  the 
presence o f l i g h t  cause the in a c t iv a t io n  o f  in d o le -3 -a c e t ic  acid  (IM )  
and other growth promoting substances found in  p la n ts . The symptoms 
given by th ese- authors are s im ila r  to those presented in  S ection  1 .
S in c e  t h e  i n t e r a c t i o n  o f  r o s e  b e n g a l  and  l i g h t  r e s u l t e d  i n  r e t a r d a t i o n  
o f  g ro w th ,  i t  was s u s p e c t e d  t h a t  t h i s  r e d u c t i o n  i n  g row th  c o u ld  
p o s s i b l e  be due t o  i n a c t i v a t i o n  o f  some n a t u r a l l y  o c c u r r i n g  g ro w th  promo­
t i n g  s u b s t a n c e .  E x t r a c t s  o f  t r e a t e d  r o o t s ,  a s ; w e l l  a s  s t a n d a r d  IAA i n  
c o m b in a t io n  w i t h  r o s e  b e n g a l ,  w ere t e s t e d  for., a u x in  i n a c t i v a t i o n .
M a t e r i a l s  and  M ethods
B i o a s s a y  The b i o a s s a y  u s e d  i n  t h e  a u x in  s t u d i e s  was th e  " o a t
f i r s t  internode section" b ioassay described by N itsch  and N itsch  (1956), 
and P il la y  and Edgerton (1965), w ith  the fo llow in g  m od ification s: V ictor  
oa ts  were used in stead  o f Vicar o a ts , and the c o le o p tile  growing time 
was 72 hours in stead  o f  68 hours.
Auxin A n a l y s i s  ----- A dosage  r e s p o n s e  c u rv e  was e s t a b l i s h e d  by  b i o ­
a s s a y  u s i n g  i n d o l e - 3 - a c e t i c  a c i d  a t  th e  f o l l o w i n g  c o n c e n t r a t i o n s :  1 0 ,  3G, 
50  and  1 0 0 / ^ g / l .  Tubes c o n t a i n i n g  2 .0  ml r o s e  b e n g a l  ( 0 .0 2  g /1 0 0  m l)  and
2 . 0  ml IAA ( 1 0 0 / " g / l )  w ere  i l l u m i n a t e d  a t  2200 f o o t  c a n d le s  f o r  20 
m in u te s  o r  k e p t  i n  d a r k n e s s .  Rose b e n g a l  was added  t o  d i s t i l l e d  w a t e r  
and  i l l u m i n a t o d  a t  2200 f o o t  c a n d l e s ,  t o  check  any  a c t i v i t y  o f  r o s e  b e n g a l .
33
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A l l  sa m p le s  w ere  b io a s s a y e d ,  a s  d e s c r i b e d  a b o v e .
R o o t  E x t r a c t  P r e p a r a t i o n  ----- S e e d l i n g s  t r e a t e d  a s  i n d i c a t e d  i n
S e c t i o n  2 w ere  d i s s e c t e d  so  t h a t  r o o t s  e x p o sed  t o  r o s e  b e n g a l  and  l i g h t ,  
and  r o o t s  e x p o s e d  o n l y  t o  l i g h t  w ere  a v a i l a b l e .  E x t r a c t i o n  was 
c o n d u c te d  by  g r i n d i n g  0.1; g  o f  l y o p h i l i z e d  r o o t s ,  a d d in g  20 ml m e th a n o l  
a t  0 C, and  a l l o w i n g  t o  s t a n d  i n  f r e e z e r  f o r  17 h o u r s .  The f i l t r a t e  
was t h e n  ch rom atogra ined . Chrom atogram s o f  IAA (100  / * g / l )  w ere  u s e d  
a s  c o n t r o l s .
C h ro m ato g rap h y  ------ Q u a n t i t i e s  o f  e x t r a c t  e q u i v a l e n t  t o  100 mg
d r y  w e i g h t  o f  t i s s u e  w ere  s p o t t e d  on  3 x  ItO cm s t r i p s  o f  Whatman No. 3 
c h ro m a to g ra p h y  p a p e r  ( P i l l a y  an d  E d g e r to n ,  1 9 6 5 ) .  A sc e n d in g  ch ro m a to ­
g ra p h y  was u s e d ,  and  ch rom atogram s w ere  d e v e lo p e d  i n  i s o p r o p y l  a l c o h o l -  
w a t e r  s o l v e n t  ( 8 0 :2 0  v / v )  a t  25 C. The s o l v e n t  was a l lo w e d  t o  a sc e n d  
t o  a  h e i g h t  o f  2 0  cm and  t h e  ch rom atogram s w ere  t h e n  d r i e d .  Each  
chrom atogram  was t h e n  c u t  i n t o  2k h o r i z o n t a l ,  1 cm w id e ,  seg m en ts  and 
e a c h  segm en t  was b i o a s s a y e d  a s  a b o v e .
I n d o l e - 3 - a c e t i c  A c id
A c o n c e n t r a t i o n  r e l a t i o n s h i p  was e s t a b l i s h e d  u s i n g  th e  " o a t  f i r s t  
i n t e r n o d e  s e c t i o n "  b i o a s s a y .  I t  was fo u n d  t h a t  $ 0 /* g / l  p ro d u ce d  lj.2.2 
u n i t s  ( e a c h  u n i t  i s  e q u a l  t o  0.131™ ) o f  g row th  i n  t h e  s e c t i o n .
I n d o l e - 3 - a c e t i c  a c i d  e x p o s e d  t o  r o s e  b e n g a l  and  l i g h t  p ro d u c e d  g row th  
o f  3 2 . k u n i t s ,  e q u i v a l e n t  t o  l e s s  t h a n  1 0 / ' ‘g / l  o f  IAA, i n d i c a t i n g  a  
d e c r e a s e  i n  a u x in  a c t i v i t y .  IAA e x p o sed  t o  r o s e  b e n g a l  i n  t h e  d a rk  
p r o d u c e d  U 2.2  u n i t 3  o f  g ro w th ,  e q u i v a l e n t  t o  t h e  f u l l  a c t i v i t y  o f  th e  
a u x i n ,  i n d i c a t i n g  t h a t  l i g h t  was n e c e s s a r y  f o r  t h e  i n a c t i v a t i o n .
S e c t i o n s  t r e a t e d  w i t h  r o s e  bengal*  a n d  w a t e r  compared w e l l  w i t h  u n t r e a t e d
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iablfi 13. E ffe c t  o f  l i g h t  and rose bengal on IAA.
T rea tm en t B io a ssa y  R ead ings  
(each  u n i t  i s  e q u a l
in  U n i t s  
to  Q.'l33 mm)
Average
E xnerim en t  Uo.
1. 2 . 3. 4 . 5. 6 .
1 . IAA i n  th e  f o l l o w in g  
c o n c e n t r a t i o n s  ( / Ag / l )
10 3 1 .6 *  31 .4 3 1 .2 32 .9 38 .6 31 .9 32 .9
30 4 1 .0 35 .0 3 7 .8 4 7 .8 4 0 .5 5 0 .9 4 0 .5
50 4 0 .0 4 2 .4 39 .2 46 .4 41 .2 4 4 .2 4 2 .2
100 4 1 .2 4 7 .8 4 1 .8 4 8 .5 54 .6 57 .0 4 3 .5
2 .  IAA ( 5 0 / * g / l )  
w i th  r o s e  b e n g a l  in  
l i g h t .
29 .8 31 .4 32 .2 36 .2 32 .8 3 2 .0 32 .4
3 .  IAA ( 5 0 / * g / l )  
w i t h  r o s e  b e n g a l  
in  d a r k .
43 .2 4 3 .3 38 .0 4 6 .3 4 2 .0 3 9 .8 4 2 .2
4 .  H2O w i th  r o s e  
b e n g a l  i n  l i g h t . 30 .2 3 1 .4 31 .2 30 .2 31 .2 31 .2 3 0 .9
5. U n t r e a te d  
(w i th o u t  IAA) 
s e c t i o n s  .
30 .0 30 .5 30 .1 30 .0 30 .3 29 .9 30 .1
* Each f igu re  represents  the average c.f f i v e  c n l e c n t i l e  s e c t io n s .
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se c tio n s , 3 0 .9 , and 30 .1  u n its , r e sp e c tiv e ly  (Table 1 3 ), in d ica tin g  
th at rose bengal did not cause the sec tio n  to  grow.
Root T i s s u e  E x t r a c t s
Chrom atogram s o f  t i s s u e s  t h a t  w ere  e x p o se d  t o  r o s e  b e n g a l  and  l i g h t  
had r e d  c o l o r e d  s p o t s .  A m arked  d i f f e r e n c e  i n  m i g r a t i o n  o f  t h e  r e d  
s p o t s  was: n o t e d  b e tw een  chrom atogram s o f  e x t r a c t s  o f  t i s s u e  t r e a t e d  w i t h  
r o s e  b e n g a l  an d  l i g h t ,  and  r o s e  b e n g a l  was u s e d  a s  a  s t a n d a r d .
In d o le -3 -a ce tic  acid  was chromatographed, and i t s  p o s it io n  on the 
chromatogram id e n t if ie d  by b ioassay  to  be on s tr ip  Ho. 7 (Table l i ; ) .  
Illum inated roo t t is su e  appeared to  lack  a high auxin a c t iv i t y  around 
s tr ip  No. 7 , but had a d if fe r e n t  growth substance on s tr ip  No. 16 (Table Hr). 
On chromatograms o f t is s u e  trea ted  w ith  rose bengal and l ig h t ,  no active  
growth substance could be id e n t if ie d  by the b ioassay method. This 
suggests th a t rose bengal and l ig h t  caused the in a c tiv a tio n  o f  some 
growth fa c to r  in  the ro o t, other than in d o le -3 -a c e t ic  a c id . In  
chromatograms o f rose bengal, and t is su e  ex tra cts  o f roots illu m inated  
in  rose bengal, m igration o f colored sp ots was compared and found to be 
d if fe r e n t  in  number and m igration rate (Figure 9 ) •  Rose bengal alone 
had four red sp o ts , w hile t is su e  ex tra cts  o f rose bengal and l i g h t - ' 
treated  roots had s ix  red sp o ts . In Figure 9, the spots were en c irc led  
to  f a c i l i t a t e  lo c a tio n  in  photography, sin ce rose bengal did not 
photograph w e ll under the conditions used.
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T a b le  14 . E f f e c t  o f  r o s e  b e n g a l  and l i g h t  on g row th  s u b s ta n c e s  i n  
r o o t  t i s s u e .
N o . o f  I n d o l e a c e t i c  a c id  I l l u m i n a t e d  t i s s u e  I l l u m i n a t e d  t i s s u e
S e c t i o n  C o n t r o l  w i t h o u t  r o s e  b e n g a l  w i t h  r o s e  b e n g a l
(lOO/*fc/ l )  ( i n  u n i t s ) * *  ( i n  u n i t s ) * *
( in  u n i t s ) * *
1 2 3 Ave. 1 2 3 A ve. 1 2 3 Ave
-3 35* 40 32 36 32 32 34 33 33 33 32 33_2 35 33 31 33 32 33 31 32 32 30 33 32
-1 37 37 32 35 34 33 30 32 32 35 32 33
0 38 38 35 37 33 32 34 33 33 31 33 32
1 38 32 33 35 31 33 32 32 34 35 34 34
2 39 37 32 36 34 35 34 34 33 31 33 32
3 40 41 33 38 32 37 35 35 31 35 32 33
4 44 40 38 41 34 35 34 34 34 32 34 33
5 46 41 35 41 33 34 33 33 35 35 35 356 60 51 38 50 31 30 32 31 38 33 36 36
7 81 60 51 64 39 31 38 36 31 31 32 31
8 58 70 44 57 33 32 33 33 32 33 33 33
9 52 67 36 52 32 33 32 32 33 33 33 33
10 45 39 34 40 35 36 35 35 37 35 35 36
11 39 38 30 37 33 34 34 34 33 34 34 34
12 35 37 32 35 35 34 34 34 33 32 34 33
13 37 39 31 36 36 37 36 36 36 33 32 34
14 36 35 32 35 38 33 35 35 36 33 33 34
15 38 35 33 35 35 49 43 42 31 36 35 34
16 39 39 34 37 43 53 50 49 39 34 34 36
17 37 33 31 34 46 46 47 46 33 33 33 33
18 36 35 32 35 39 46 45 43 38 32 35 35
19 37 35 53 35 41 38 42 40 33 35 34 34
20 36 36 51 34 32 32 32 32 32 33 33 33
* Each f i g u r e  r e p r e s e n t s  t h e  a v e ra g e  o f  f i v e  c o l e o p t i l e  s e c t i o n s
** Each u n i t  i s  e o u a l  t o  CH33 mm.
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Figure 9 . Chromatograms o f A) rose  b en g a l, and B) e x tr a c t  o f  
roo t t is s u e  trea ted  w ith  ro se  bengal and l i g h t .
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DISCUSSION
The e f f e c t  o f  l ig h t  and c e r ta in  dyes on b io lo g ic a l  system s has been 
in v e s t ig a te d  for  a long tim e, and mechanisms have been p ostu la ted  for  
various dye-organism  system s. In previous work done w ith  various dyes 
and y e a s t ,  I found th a t  th e  b e s t  dye th a t  could k i l l  y e a s t  when exposed  
to  l ig h t  was rose b en gal. Furthur s tu d ie s  ind ioated  th a t t h is  dye a lso  
in h ib ite d  lin e a r  growth of f t n g i .  I t  was p o ss ib le  th a t rose  bengal and 
l i g h t  could a f f e c t  more complex organism s, such as green p la n ts , and 
thus the p resen t work was undertaken.
A review  o f the li te r a tu r e  proved scan ty  on both rose bengal-  
l i g h t  rea c tio n s  w ith  l iv in g  Bystems, and other d y e - lig h t-p la n t  system s. 
Some work was found and i t  d id  guide the p resen t work to  some d egree .
The r e s u lt s  obtained In the p resen t study have been r e la te d  c lo s e ly  
to  work done w ith  p la n ts  and other dyes and l ig h t  in  th e fo llow in g  
d isc u ss io n .
Matsner (1923) demonstrated a p o s it iv e  phototropic response induced 
in the roo ts  o f  wheat seed lin g s  exposed to  f lu o r e sc e in  dyes and l i g h t .  
The response varied ; "active"  bending occured in  weak l ig h t  and a t low 
dye co n cen tra tio n s , and "passive" bending occured in  strong l ig h t  and 
a t  high dye c o n c m tr a tio n s . Boas and Merkenschlager (1925) d iscovered  
th a t  b a r ley  r o o t s ,  when grown on eosin  or ery th rosin  s o lu t io n s , under­
went unoriented bending in the dark. The growth o f the roo ts  was 
d is t in c t ly  d elayed , and th e  roots  l o s t  th e ir  geo trop ic  s e n s i t iv i t y .
Blum and S co tt (1933) found th a t  when wheat seed lin g s  were trea ted  
w ith  ery th ro sin  and l i g h t ,  the ro o ts  turned towards l i g h t .  By a lte r in g  
the dye concentration  and l ig h t  in t e n s i t y ,  a v a r ie ty  o f curvatures were
39
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o b t a i n e d .  M e tz n e r 's  " a c t i v e "  and " p a s s i v e "  b e n d in g s  w e re  c o n s id e r e d  as 
d i f f e r e n t  e x p r e s s i o n s  o f  th e  same phenomenon. The s i t e  o f  o r i e n t a t i o n  
was found t o  be t h e  r o o t  t i p ,  s i n c e  b e n d in g  o c c u re d  o n l y  i f  t h e  r o o t  
t i p  was i l l u m i n a t e d .  M i c r o s c o p i c a l l y ,  t h e  b e n d in g  a p p e a re d  a s  a  l e s s e r  
d e g re e  o f  e l o n g a t i o n  o f  c e l l s  on th e  i l l u m i n a t e d  s i d e  t h a n  on  t h e  d a rk  
s i d e .  An u n o r i e n t e d  bend ing  and g row th  r e t a r d a t i o n  o c c u re d  when w h ea t  
r o o t s  w ere exposed  t o  e r y t h r o s i n  in  th e  d a r k .  Bending in  th e  d a rk  was 
a t t r i b u t e d  t o  d i f f e r e n t  dye p e n e t r a t i o n  r a t e s .  M i c r o s c o p i c a l l y ,  th e  dye  
d i d  n o t  p e n e t r a t e  i n t o  t h e  r o o t ,  b u t  m i c r o s c o p i c a l l y ,  i t  a c cu m u la te d  on 
th e  s u r f a c e ,  and  s t a i n i n g  was u n e q u a l ,  b e i n g  g r e a t e s t  i n  t h e  r o o t  c a p .  
Bending and g ro w th  i n h i b i t i o n  w ere  more p ro n o u n ced  i n  t h e  d a r k  a t  pH
4 .6  t h a n  a t  7 .
I n  t h e  p r e s e n t  w o rk ,  seeds  g e rm in a te d  i n  t h e  p re s e n c e  o f  ro s e  
b e n g a l  and l i g h t  w ere  r e t a r d e d  i n  s h o o t  and  r o o t  l e n g t h s .  The g row th  
o f  r o o t s  o f  s e e d l i n g s  4 8 - h o u r s - o ld  was a r r e s t e d  when exposed  t o  r o s e  
b e n g a l  and l i g h t .  When s e e d s  w ere  g e rm in a te d  i n  t h e  d a r k ,  i n  ro se  
b e n g a l ,  u n o r i e n t e d  b e n d in g  o r  l o s s  o f  g e o t r o p i c  c u r v a t u r e  and growth 
r e t a r d a t i o n  r e s u l t e d .  As th e  l i g h t  i n t e n s i t y  o r  dye c o n c e n t r a t i o n  was 
i n c r e a s e d ,  g row th  d e c r e a s e d .  These r e s u l t s  v e r i f y  t h e  h y p o th e s i s  o f  
Blum and S c o t t  (1933)  t h a t  t h e  d e g re e  o f  r e s p o n s e  was r e l a t e d  t o  th e  
l i g h t  i n t e n s i t y  and dye c o n c e n t r a t i o n .  Rose b e n g a l  and l i g h t  caused  a 
g r e a t e r  d e c r e a s e  i n  g ro w th  a t  pH v a l u e s  low er  t h a n  7 ,  an o b s e r v a t i o n  
w h ich  was a l s o  made by  Blum and S c o t t  (1933 )  u s in g  e r y t h r o s i n  in  th e  
d a r k ,  and  a l s o  a t  pH v a lu e s  h i g h e r  th a n  7 .  I n  t h i s  w ork  g row th  was 
r e t a r d e d  l e a s t  by  r o s e  b e n g a l  and l i g h t  a t  25 C, w h i l e  r e t a r d a t i o n  was 
g r e a t e s t  a t  h i g h e r  o r  lo w er  t e m p e r a t u r e s .  " B le a c h in g "  t h e  dye b y  e x p o su re  
t o  l i g h t  c a u se d  t h e  dye t o  become p h o to d y n a m ic a l ly  i n a c t i v e .
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M ic ro s c o p ic  e x a m in a t io n  o f  r o o t s  t r e a t e d  w i t h  r o s e  b e n g a l  and 
l i g h t  r e v e a l e d  t h a t  t h e  dye  d i d  p e n e t r a t e  t h e  r o o t ,  u n l i k e  t h e  f i n d i n g s  
o f  Blum and S c o t t  ( 1 9 3 3 ) ,  w i t h  e r y t h r o s i n .  The dye was l o c a t e d  in  t h e  
two o u te r  l a y e r s  o f  t h e  r o o t ,  on t h e  c e l l  w a l l s ,  and  i n  t h e  n u c l e i .  
A l l i s o n  (1965) s t a t e d  t h a t  i n  an im a l  c e l l s ,  r o s e  b e n g a l  d id  n o t  e n t e r  
t h e  c e l l ;  t h i s  i s  n o t  t h e  c a s e  w i t h  b a r l e y  r o o t  c e l l s ,  a l t h o u g h  o e l l  
w a l l s  ( o r  membranes) w e re  a l s o  s t a i n e d .  R o th w e l l  (1966) d e m o n s t ra te d  
t h a t  p r o t e i n  s y n t h e s i s  o c c u r i n g  in  t h e  o u t e r  two l a y e r s  o f  th e  young 
r o o t  was r e s p o n s i b l e  f o r  r o o t  h a i r  p r o d u c t i o n .  S in c e  r o s e  b e n g a l  was 
o b s e rv e d  t o  a c c u m u la te  i n  th e  o u t e r  two l a y e r s  of t h e  r o o t ,  and no 
r o o t  h a i r s  w ere  p ro d u ced  i n  t h e  p r e s e n c e  o f  r o s e  b e n g a l  and l i g h t ,  i t  
seem s p o s s i b l e  t h a t  r o s e  b e n g a l  and l i g h t ,  i n  some m anner, i n t e r f e r e  
w i t h  p r o t e i n  s y n t h e s i s .
B oysen- Jensen  (1934) found  t h a t  r o o t s  t r e a t e d  w i t h  e o s in  and 
e r y t h r o s i n ,  and l i g h t  w e r e  a lm o s t  d e v o id  o f  a u x in ,  and  t h a t  d i f f e r e n t  
l e v e l s  o f  a u x in  w ere  d e t e c t e d  u n d e r  v a r i o u s  c o n d i t i o n s .  He c o no luded  
t h a t  t h e  a c t i o n  o f  e o s in  and l i g h t  p r e v e n t e d  g row th  and g e o t r o p i c  
r e s p o n s e  by  th e  d e s t r u c t i o n  o f  a u x in  i n  p l a n t s .  Skoog (1935) e x p la in e d  
th e  a c t i o n  o f  e o s i n  and l i g h t  on r o o t s  a s  a pho todynam ic  i n a c t i v a t i o n  
o f  i n d o l e a o e t i c  a c i d ,  s i n c e  a  s o l u t i o n  o f  i n d o l e a c e t i c  a c id  exp o sed  to  
e o s in  a n d  l i g h t  was c o m p le te ly  i n a c t i v a t e d .  G a ls to n  and Hand ( 1 9 4 9 ) ,  
and G a l s to n  (1949) d e m o n s t ra te d  t h a t  r i b o f l a v i n  and l i g h t  cou ld  
i n a c t i v a t e  i n d o l e a c e t i c  a c i d  i n  v i t r o . G a ls to n  (1959) p o s t u l a t e d  t h a t  
a f l a v o p r o t e i n  was r e s p o n s i b l e  f o r  i n a c t i v a t i o n  o f  i n d o l e a c e t i c  a c i d  in  
t h e  n a t u r a l  p h o t o t r o p i c  r e s p o n s e  i n  p l a n t s .
I n  Toy w o rk ,  i n d o l e - 3 - a c e t i c  was i n a c t i v a t e d  by  r o s e  b e n g a l  and l i g h t
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i n  v i t r o , as h a s  b een  r e p o r t e d  f o r  e o s i n ,  e r y t h r o s i n ,  and r i b o f l a v i n ,  
a s  m en t io n e d  a bove . In  my w ork  a  g row th  s u b s ta n c e  found  i n  r o o t  
t i s s u e s  i l l u m i n a t e d  w i t h o u t  r o s e  b e n g a l ,  whb n o t  found  in  t i s s u e s  
i l l u m i n a t e d  w i th  r o s e  b e n g a l .  The mechanism o f  g row th  r e t a r d a t i o n  b y  
r o s e  b e n g a l  and l i g h t  may be due t o  th e  i n a c t i v a t i o n  o f  t h e  unknown 
g row th  s u b s t a n c e ,  s i n c e  e a r l i e r  w o rk e rs  who d e m o n s t r a te d  i n d o l * « a c e t i c  
a c id  i n a c t i v a t i o n  c la im e d  t h a t  g row th  r e t a r d a t i o n  was due t o  aux in  
d e s t r u c t i o n  i n  v i v o .
Bocci ( 1 9 6 1 ) ,  and J i r s a  and Raban (1962) have  d e m o n s t ra te d  t h a t  
c o m m e rc ia l ly  a v a i l a b l e  r o s e  b e n g a l  c o n t a i n s  a s  many a s  t e n  d i f f e r e n t  
com ponents  a s  i n d i c a t e d  by p a p e r  and  colunm ch ro m ato g rap h y .  In my 
w o rk ,  o n ly  f o u r  such  f r a c t i o n s  w ere o b s e rv e d  u s in g  p a p e r  c h rom a tog raphy  
and my s o l v e n t  sy s te m .
D ’Amato (1950) d e s c r i b e d  c h l o r o p h y l l  m u ta t i o n s ,  induced  by 
a c r i d i n e  and  l i g h t  on b a r l e y  r o o t s .  A c r id in e  a l s o  r e t a r d e d  grow th  
o f  s e e d l i n g s ,  and red u ced  t h e  p r o d u c t io n  o f  s e c o n d a ry  r o o t s .  M ic ro s­
c o p i c a l l y ,  m i t o t i c  d i s t u r b a n c e s  and ’’p u l v e r i z e d "  a n a p h a s e s ,  b u t  no 
chromosome b re a k a g e  was n o t e d .  Kihlman (1959) u s in g  V ic ia  f a b a  r o o t s  
t r e a t e d  w i t h  a c r i d i n e  o range  and l i g h t  d e m o n s t ra te d  i s o lo c u s  b re a k s  and 
e xchanges  i n  chromosomes. Reed (1961) a l s o  u s in g  V i c i a  f a b a  in  a c r i d i n e  
o ran g e  and l i g h t  n o t e d  a  g row th  r e t a r d a t i o n  and a  s low  r e c o v e r y  r a t e .  
T h is  was a l s o  n o te d  w i t h  r e c o v e r y  o f  s e e d l i n g s  i l l u m i n a t e d  w i t h  r o s e  
b e n g a l ,  i n  my w ork .
Kihlman (1959) has  p o i n t e d  o u t  t h a t  a c r i d i n e  dyes have an a f t o i t y  
f o r  n u c l e i c  a c i d s .  I f  c e l l s  a r e  s t a i n e d  w i t h  a c r i d i n e  d y e s ,  a h a lo  
i s  p roduced  a ro u n d  t h e  chromosomes. In  my work i t  i s  e v id e n t  t h a t  ro se  
b e n g a l  has an a f f i n i t y  f o r  n u c l e i  o f  c e r t a i n  c e l l s .  I t  w e l l  may be
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t h a t  r o s e  b e n g a l  c o u ld  in d u ce  m u ta t i o n s ,  b u t  t h i s  h a s n o t  been d e m o n s t ra ­
t e d .  The nunfcer o f  n u c l e i  p r e s e n t  in  t h e  r o o t  a p i c a l  m er is te m  was 
g r e a t l y  d e c r e a s e d  in  r o o t s  i l l u m i n a t e d  i n  t h e  p r e s e n c e  o f  r o s e  b e n g a l ,  
and i n  t h e s e  r o o t  t i p s  t iie  c e l l s  w ere  l a r g e r  th a n  i n  u n t r e a t e d  r o o t  
t i p s ,  p o s s i b l y  i n d i c a t i n g  i n a c t i v a t i o n  o f  t h e  r o o t  a p i c a l  m e r is te m .
The vcrk  reported in  t h is  t h e s is  dem onstrates th a t  a l ig h t-d y e -  
organism rea c tio n  i s  occuring . I t  appears th a t th e nechanism o f the 
r e a c tio n  i s  not o f a s in g le - s i t e  typ e , but rather a m u lt i - s i t e  ty p e . 
In d ica tio n s  are given  th a t  p ro te in s  or p ro te in  sy n th e s is  i s  being  
a lte r e d , and th a t  the n u c le i number i s  b e in g  decreased . I t  can be 
p o stu la ted  th a t a v a r ie ty  o f  photochem ical r e a c tio n s  take p la c e . I f e e l  
th a t th e  d ir e c t io n  o f  further s tu d ie s  should be along th e  fo llo w in g  lin e :  
The variou s photochem ical re a c tio n s  should be is o la te d  and stud ied  
in d ep en d en tly , beginning w ith  a study o f  the p ro te in s  and n u c le ic  a c id s .  
Furthermore, more in  v itr o  s tu d ie s  than have been rep orted  in  th is  
th e s is  can be done and may p o ss ib ly  la y  a foundation  for  c o r r e la tio n  
w ith  in  v iv o  work.
The w ork  r e p o r t e d  in  t h i s  t h e s i s  r e p r e s e n t s  an em bryonic  p ro b le m .
The f a c t  t h a t  r o s e  b e n g a l  and l i g h t  a l t e r s  a l i v i n g  p l a n t  has  been  
e s t a b l i s h e d .  The q u e s t i o n  re m a in in g  i s  t h e  d e t e r m i n a t i o n  o f  t h e  mechanism 
o f  n r o d u c t i o n  o f  t h i s  phenomenon and I  f e e l  t h a t  t h e  answ er t o  t h i s  
w i l l  in d e e d  l e a d  t o  a f u r t h e r  u n d e r s t a n d in g  o f  th e  m echanism  o f  b o th  th e  
n o rm a l  p l a n t ,  and t h e  p h o to c h e m ic a l  r e a c t i o n s  c a u s in g  t h e  c h a n g e .
I n i t i a l  s t u d i e s  of t h e  e f f e c t  of r o s e  b e n g a l  and l i g h t  on Hordeum 
v u l g a r e  i n d i c a t e s  t h a t  t h e  changes p roduced  be tw een  t r e a t e d  and u n t r e a t e d  
p l a n t s  can b e  used t o  d e te rm in e  th e  p re s e n c e  o f  r o s e  b e n g a l  and i t s  
c o n c e n t r a t i o n  in  a sa m p le .  F u r t h e r  work w i th  o th e r  dyes may l e a d  to  a 
b i o a s s a y  f o r  p h o to d y n a m ic a l ly  a c t i v e  compounds.
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SUMMARY
1. Seeds exposed to  ro se  bengal and l i g h t  were in h ib ite d  in  shoot 
growth, production o f  number o f  r o o ts ,  form ation o f  ro o t h a ir s ,  and 
production  o f  t o t a l  le n g th  o f  roo ts  per p la n t ,
2 . Some reco v ery  of growth was obtained  by w ashing trea ted  seed ­
lin g s  and keeping them in  th e dark.
3 . Growth o f  ro o ts  was com pletely  in h ib ite d  by exposure to  rose  
b engal and l i g h t .  M icro sco p ica lly , th e  dye accumulated on th e  ou ter  
two la y e r s  o f  c e l l s  o f  the r o o t ,  and rose  b en g a l was demonstrated to  
p en etra te  th e  o e l l  and s ta in  the n u c le u s .
4 . Environm ental fa c to r s  o f  l i g h t  in t e n s i t y ,  dye co n cen tra tio n , 
tem perature, pH, and "bleached” dye were stu d ied  to  ob tain  optimum con­
d it io n s  for  th e  r e a c t io n .
5 . Rose bengal and l ig h t  in a c tiv a te d  in d o le -3 -a c e t ic  acid  in  v i t r o , 
and in a c t iv a te d  an unknown growth substance in  th e  t i s s u e  o f trea ted  
r o o t s .
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